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(57) ABSTRACT

There is provided an image processing apparatus including a
first polarizing unit that has a first polarization region and a
second polarization region to transmit different polarized
light corresponding to different viewing point images, a sec-
ond polarizing unit that includes a third polarization region to
transmit only transmission light of the first polarization
region, a fourth polarization region to transmit only transmis-
sion light of the second polarization region, and a total trans-
mission region to transmit the total transmission light of the
first polarization region and the second polarization region,
an imaging element, and an image processing unit that
executes signal processing with respect to an output signal of
the imaging element. The image processing unit executes
correction processing to generate a two-dimensional image
and executes image conversion of the two-dimensional image
to generate a left eye image and a right eye image for three-
dimensional image display.

12 Claims, 32 Drawing Sheets
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FIG. 21

( START )

Y

SEQUENTIALLY SELECT PROCESSING | S171
OBJECT PIXEL FROM PL PIXELS

Y

ACQUIRE REFLECTION INFORMATION 5172
CORRESPONDING TO SELECTED PIXEL [
AND ANALYZE INFORMATION

1S
REFLECTION LIGHT INCLUDED
IN SELECTED PIXEL ?

NO

S174

—
COMPARE VERTICAL GRADIENT COEFFICIENT:

Vgrad, UPWARD SLOPING OBLIQUE GRADIENT COEFFICIENT:
Agrad, AND DOWNWARD SLOPING OBLIQUE GRADIENT
COEFFICIENT. Dgrad CORRESPONDING TO SELECTED PIXEL
AND DETECT DIRECTION (Dir) HAVING HIGH CORRELATION
(= DIRECTION HAVING SMALL GRADIENT)

Y

( S175 ) ( END )
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FIG. 29

( START )

y

SEQUENTIALLY SELECT PL PIXELAND PLPIXEL |~ S321
ADJACENT PIXEL

Y

SELECT PIXEL POSITIONED AROUND SELECTED 5392
PIXEL (x, y) AND HAVING SAME COLORAND SAME [
ADJACENT PIXEL SETTING CONDITION AS
REFERENCE PIXEL

Y

CALCULATE GAIN [PGain) BASED ON
DIFFERENCE OF PIXEL VALUES OF REFERENCE |- S323
PIXEL AND TWO UPPER AND LOWER N PIXELS OF
REFERENCE PIXEL BY SETTING WEIGHT
ACCORDING TO DISTANCE BETWEEN PIXELS

Y

CALCULATE CENTER VALUE OF PLURALITY OF | ~_S324
GAINS [PGain] CORRESPONDING TO PLURALITY
OF REFERENCE PIXELS AS ADAPTIVE GAIN {Again]

Y

SET PIXEL VALUE CALCULATED BY MULTIPLYING | __s325
PIXEL VALUE [S (x, y)] OF CORRECTION OBJECT
PIXEL WITH ADAPTIVE GAIN AGain AS PIXEL VALUE
OF CORRECTION OBJECT PIXEL AND GENERATE
BRIGHTNESS CORRECTION IMAGE T

¥

(  END )
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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND PROGRAM

BACKGROUND

The present disclosure relates to an image processing appa-
ratus, an image processing method, and a program. More
specifically, the present disclosure relates to an image pro-
cessing apparatus, an image processing method, and a pro-
gram that execute processing for generating a three-dimen-
sional image (3D image) to be stercoscopically viewed
(three-dimensionally viewed).

A stereoscopic image (three-dimensional image) that can
be viewed as a three-dimensional image having depth is con-
figured of a combination of two images of an image for a left
eye and an image for a right eye, which are images from
different viewing points. In order to obtain the images from
the two viewing points, that is, binocular parallax images, two
imaging apparatuses are arranged at left and right sides to be
apart from each other and capture images.

A pair of captured stereoscopic images are configured
using a pair of images including an image for a left eye to be
captured by the left imaging apparatus and observed by the
left eye and an image for a right eye to be captured by the right
imaging apparatus and observed by the right eye.

The pair of stereoscopic images that are configured using
the pair of images including the image for the left eye and the
image for the right eye are displayed on a display apparatus
that can separate the image for the left eye and the image for
the right eye to be viewed by the left eye and the right eye of
an observer, such that the observer can recognize the images
as a three-dimensional image.

However, when the images from the two viewing points are
photographed using the two cameras, precise synchroniza-
tion control of the two cameras should be performed, the
synchronization control is very difficult, and accurate control
of'a convergence angle is very difficult.

A three-dimensional photographing apparatus in which
polarization filters polarized to become orthogonal in relation
are combined to facilitate adjustment of a lens system to
perform three-dimensional photographing and an optical sys-
tem is shared is disclosed in Japanese Patent Application
Publication No. 6-054991.

A method of performing three-dimensional photographing
by an imaging apparatus including two lenses and one imag-
ing unit is disclosed in Japanese Patent Application Publica-
tion No. 2004-309868. The imaging apparatus that is dis-
closed in Japanese Patent Application Publication No. 2004-
309868 sets (a) a combination configuration of a lens and a
horizontal component polarization filter and (b) a combina-
tion configuration of a lens and a vertical component polar-
ization filter arranged to be apart from each other by an
interval according to human parallax to positions apart from
an imaging surface ofa CCD by a predetermined distance and
acquires an image for a left eye and an image for a right eye
using the two combination configurations of (a) and (b).

SUMMARY

According to technology that is disclosed in Japanese
Patent Application Publication No. 6-054991, the lens system
is shared by overlapping outputs of the two polarization filters
and forming a single optical path.

However, a polarization filter should be further provided to
extract the image for the left eye and the image for the right
eye in the following step, the optical path should be divided
again, and light should be incident on each polarization filter.
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For this reason, light loss is generated in the lens system and
it is difficult to decrease a size of the apparatus.

According to technology that is disclosed in Japanese
Patent Application Laid-Open No. 2004-309868, because the
two sets of lenses and polarization filters should be provided,
the apparatus becomes complex and a size of the apparatus
increases.

The present disclosure has been made in view of the above
circumstances and provides an image processing apparatus,
an image processing method, and a program that execute
processing with respect to an image photographed by one
imaging apparatus and generate an image observed as a three-
dimensional image.

The present disclosure provides an image processing appa-
ratus, an image processing method, and a program that
execute interpolation processing of a two-dimensional image
used for generating an image to be applied to three-dimen-
sional image display.

According to a first embodiment of the present disclosure,
there is provided an image processing apparatus which
includes a first polarizing unit that has a first polarization
region and a second polarization region to transmit different
polarized light corresponding to different viewing point
images, a second polarizing unit that causes transmission
light of the first polarizing unit to be incident and includes a
third polarization region to transmit only the transmission
light of the first polarization region, a fourth polarization
region to transmit only transmission light of the second polar-
ization region, and a total transmission region to transmit the
transmission light of the first polarization region and the
second polarization region, an imaging element that receives
the transmission light of the second polarizing unit, and an
image processing unit that executes signal processing with
respect to an output signal of the imaging element. The image
processing unit includes a parallax detecting unit that applies
two different viewing point images of an image based on the
transmission light of the third polarization region of the sec-
ond polarizing unit and an image based on the transmission
light of the fourth polarization region of the second polarizing
unit and generates parallax information in which an object
distance is reflected, an image correcting unit that executes
correction processing with respect to an input image from the
imaging element and generates a two-dimensional image,
and a parallax image generating unit that applies the parallax
information generated by the parallax detecting unit, executes
image conversion processing of the two-dimensional image
generated by the image correcting unit, and generates a left
eye image and a right eye image for three-dimensional image
display.

In the image processing apparatus according to the
embodiment of the present disclosure, the image correcting
unitincludes a brightness correcting unit that executes bright-
ness correction to match brightness of polarization region
pixels (PL pixels) and polarization region pixel adjacent pix-
els (PL pixel adjacent pixels), which are pixels corresponding
to the third polarization region and the fourth polarization
region of the second polarizing unit, with brightness of total
transmission region pixels (N pixels) corresponding to the
total transmission region, a reflection detecting unit that gen-
erates reflection information, which is determination infor-
mation on whether a reflection light component is included in
each pixel value, in units of polarization region pixels (PL
pixels), a gradient detecting unit that generates gradient infor-
mation corresponding to pixel value change rates of a plural-
ity of directions of peripheral pixels in units of polarization
region pixels (PL pixels), and an interpolation processing unit
that selects reference pixels according to the reflection infor-
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mation and the gradient information, applies pixel values of
the selected reference pixels, and executes pixel value inter-
polation processing of the polarization region pixels (PL pix-
els).

In the image processing apparatus according to the
embodiment of the present disclosure, the interpolation pro-
cessing unit determines a direction having a high correlation
where a gradient is small on the basis of gradient information
of non-polarization region pixels (N pixels) becoming inter-
polation processing objects, and executes interpolation pro-
cessing using pixels in the direction having the high correla-
tion as the reference pixels.

In the image processing apparatus according to the
embodiment of the present disclosure, the interpolation pro-
cessing unit determines a direction having a high correlation
where a gradient is small on the basis of gradient information
of non-polarization region pixels (N pixels) becoming inter-
polation processing objects, and executes interpolation pro-
cessing using the non-polarization region pixels (N pixels) in
the direction having the high correlation as the reference
pixels.

In the image processing apparatus according to the
embodiment of the present disclosure, when reflection infor-
mation of the polarization region pixels (PL pixels) becoming
interpolation processing objects shows that there is reflection,
the interpolation processing unit selects non-polarization
region pixels (N pixels) in a direction having a high correla-
tion as the reference pixels on the basis of the gradient infor-
mation, and executes interpolation processing to which the
selected reference pixels are applied.

In the image processing apparatus according to the
embodiment of the present disclosure, when reflection infor-
mation of the polarization region pixels (PL pixels) becoming
interpolation processing objects shows that there is no reflec-
tion, the interpolation processing unit selects non-polariza-
tion region pixels (N pixels) in a direction having a high
correlation or the polarization region pixels (PL pixels) as the
reference pixels on the basis of the gradient information, and
executes interpolation processing to which the selected ref-
erence pixels are applied.

In the image processing apparatus according to the
embodiment of the present disclosure, in interpolation pro-
cessing with respect to a photographed image of a 2D mode
photographed in a state in which the first polarizing unit is
removed from an optical path, the interpolation processing
unit outputs a pixel value in which the brightness is corrected
by the brightness correcting unit, without executing the inter-
polation processing of the polarization region pixels (PL pix-
els), when reflection information of the polarization region
pixels (PL pixels) becoming interpolation processing objects
shows that there is no reflection.

In the image processing apparatus according to the
embodiment of the present disclosure, the brightness correct-
ing unit calculates gains corresponding to brightness ratios
with the total transmission region pixels (N pixels) around the
polarization region pixels (PL pixels) and the polarization
region pixel adjacent pixels (PL pixel adjacent pixels) becom-
ing brightness correction objects, multiplies the brightness
correction object pixels with the calculated gains, and
executes brightness correction.

In the image processing apparatus according to the
embodiment of the present disclosure, the reflection detecting
unit detects the difference of a pixel value of an imaging
element corresponding to a position of the third polarization
region of the second polarizing unit and a pixel value of an
imaging element corresponding to a position of the fourth
polarization region of the second polarizing unit and gener-
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ates reflection information, which is determination informa-
tion on whether a reflection light component is included in a
pixel value of the polarization region pixel (PL pixel), on the
basis of the difference.

In the image processing apparatus according to the
embodiment of the present disclosure, the image correcting
unit sets an index showing a pixel attribute in units of pixels
forming an output image from the imaging element and deter-
mines processing according to the index.

In the image processing apparatus according to the
embodiment of the present disclosure, the index includes a
coordinate attribute showing a pixel position, a viewing point
attribute showing a viewing point position, and a color
attribute showing a pixel color.

According to a second embodiment of the present disclo-
sure, there is provided an image processing method that is
executed in an image processing apparatus including a first
polarizing unit that has a first polarization region and a second
polarization region to transmit different polarized light cor-
responding to different viewing point images, a second polar-
izing unit that causes transmission light of the first polarizing
unit to be incident and includes a third polarization region to
transmit only the transmission light of the first polarization
region, a fourth polarization region to transmit only transmis-
sion light of the second polarization region, and a total trans-
mission region to transmit the transmission light of the first
polarization region and the second polarization region, an
imaging element that receives the transmission light of the
second polarizing unit, and an image processing unit that
executes signal processing with respect to an output signal of
the imaging element, wherein the image processing unit
executes parallax detection processing for applying two dif-
ferent viewing point images of an image based on the trans-
mission light of the third polarization region of the second
polarizing unit and an image based on the transmission light
of'the fourth polarization region of the second polarizing unit
and generating parallax information in which an object dis-
tance is reflected, image correction processing for executing
correction processing with respect to an input image from the
imaging element and generating a two-dimensional image,
and parallax image generation processing for applying the
parallax information generated by the parallax detection pro-
cessing, executing image conversion processing of the two-
dimensional image generated by the image correction pro-
cessing, and generating a left eye image and a right eye image
for three-dimensional image display.

According to a third embodiment of the present disclosure,
there is provided a program for causing an image processing
apparatus to execute image processing, the image processing
apparatus including a first polarizing unit that has a first
polarization region and a second polarization region to trans-
mit different polarized light corresponding to different view-
ing point images, a second polarizing unit that causes trans-
mission light of the first polarizing unit to be incident and
includes a third polarization region to transmit only the trans-
mission light of the first polarization region, a fourth polar-
ization region to transmit only transmission light of the sec-
ond polarization region, and a total transmission region to
transmit the transmission light of the first polarization region
and the second polarization region, an imaging element that
receives the transmission light of the second polarizing unit,
and an image processing unit that executes signal processing
with respect to an output signal of the imaging element,
wherein the program causes the image processing unit to
execute parallax detection processing for applying two dif-
ferent viewing point images of an image based on the trans-
mission light of the third polarization region of the second
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polarizing unit and an image based on the transmission light
of' the fourth polarization region of the second polarizing unit
and generating parallax information in which an object dis-
tance is reflected, image correction processing for executing
correction processing with respect to an input image from the
imaging element and generating a two-dimensional image,
and parallax image generation processing for applying the
parallax information generated by the parallax detection pro-
cessing, executing image conversion processing of the two-
dimensional image generated by the image correction pro-
cessing, and generating a left eye image and a right eye image
for three-dimensional image display.

The program according to the present disclosure is
recorded in a recording medium and is provided to an infor-
mation processing apparatus or a computer system that can
execute various program codes. By executing the program by
a program executing unit on the information processing appa-
ratus or the computer system, processing according to the
program is realized.

Other objects, features, and advantages of the present dis-
closure will be more apparent from the following description
taken in conjunction with the embodiments and the accom-
panying drawings. In the present disclosure, a system has a
logical set configuration of a plurality of apparatuses and each
apparatus may not be provided in the same casing.

According to the embodiments of the present disclosure
described above, a configuration that executes interpolation
processing of a two-dimensional image used for generating
an image to be applied to three-dimensional image display is
provided.

For example, an image processing apparatus according to
the present disclosure includes a first polarizing unit that has
a first polarization region and a second polarization region to
transmit different polarized light corresponding to different
viewing point images, a second polarizing unit thatincludes a
third polarization region to transmit only transmission light of
the first polarization region, a fourth polarization region to
transmit only transmission light of the second polarization
region, and a total transmission region to transmit the total
transmission light of the first polarization region and the
second polarization region, an imaging element, and an
image processing unit that executes signal processing with
respect to an output signal of the imaging element. In this
configuration, the image processing unit executes correction
processing to which presence or absence of reflection light or
gradient information is applied, with respect to an input
image from the imaging element, and generates a two-dimen-
sional image. The image processing unit applies parallax
information generated on the basis of each transmission light
of the third polarization region and the fourth polarization
region, executes image conversion of the two-dimensional
image, and generates a left eye image and a right eye image
for three-dimensional image display.

By this configuration, a two-dimensional image that has a
small error can be generated by interpolation processing
based on the reflection light or the gradient information and a
left eye image and a right eye image for high-definition three-
dimensional image display can be generated by 2D3D con-
version processing based on the two-dimensional image hav-
ing high quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are diagrams illustrating an entire configu-
ration of an image processing apparatus according to the
present disclosure;
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FIG. 2 is a diagram illustrating a configuration example of
a second polarizing unit and an imaging element;

FIG. 3 is a diagram illustrating a configuration example of
the second polarizing unit;

FIG. 4 is a diagram illustrating a configuration example of
the second polarizing unit and the imaging element;

FIG. 5 is a diagram illustrating a configuration example of
an image processing unit of the image processing apparatus
according to the present disclosure;

FIG. 6 is a diagram illustrating a processing example of a
polarization pixel interpolation processing unit;

FIGS. 7A and 7B are diagrams illustrating a switching
configuration of a 2D mode and a 3D mode in an imaging
apparatus;

FIG. 8 is a diagram illustrating a configuration example of
the image processing unit of the image processing apparatus
according to the present disclosure;

FIG. 9 is a diagram illustrating a configuration example of
an image correcting unit of the image processing unit of the
image processing apparatus according to the present disclo-
sure;

FIG. 10 is a flowchart illustrating an example of a sequence
of processing that is executed by the image correcting unit;

FIG. 11 is a diagram illustrating an example of an input
image (Raw image) of an image correcting unit 100 and a
setting example of an index to determine an attribute of each
pixel of an image;

FIG. 12 is a diagram illustrating a configuration of an index
showing a pixel attribute;

FIG. 13 is a diagram illustrating a setting example of each
index of an X-coordinate attribute (X index) [xidx (x)] and a
Y-coordinate attribute (Y index) [yidx (y)];

FIG. 14 is a diagram illustrating a specific example of
brightness correction processing that is executed by a bright-
ness correcting unit;

FIG. 15 is a diagram illustrating a specific example of
gradient detection processing that is executed by a gradient
detecting unit;

FIG. 16 is a diagram illustrating a specific example of
reflection detection processing that is executed by a reflection
detecting unit;

FIG. 17 is a diagram illustrating a specific example of
reflection detection processing that is executed by the reflec-
tion detecting unit;

FIG. 18 is a diagram illustrating a specific example of
reflection detection processing that is executed by the reflec-
tion detecting unit;

FIG. 19 is a diagram illustrating a specific example of
reflection detection processing that is executed by the reflec-
tion detecting unit;

FIG. 20 is a diagram illustrating a specific example of
reflection detection processing that is executed by the reflec-
tion detecting unit;

FIG. 21 is a flowchart illustrating a specific example of
interpolation processing that is executed by an interpolation
processing unit;

FIG. 22 is a flowchart illustrating a specific example of
interpolation processing that is executed by the interpolation
processing unit;

FIG. 23 is a flowchart illustrating an example of a sequence
of processing that is executed by the image correcting unit;

FIG. 24 is a flowchart illustrating a specific example of
interpolation processing that is executed by the interpolation
processing unit;

FIG. 25 is a flowchart illustrating a specific example of
interpolation processing that is executed by the interpolation
processing unit;
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FIG. 26 is a flowchart illustrating a specific example of
interpolation processing that is executed by the interpolation
processing unit;

FIG. 27 is a flowchart illustrating a specific example of
interpolation processing that is executed by the interpolation
processing unit;

FIG. 28 is a flowchart illustrating an example of a sequence
of processing that is executed by the image correcting unit;

FIG. 29 is a flowchart illustrating a specific example of
brightness correction processing that is executed by the
brightness correcting unit;

FIG. 30 is a diagram illustrating a specific example of
brightness correction processing that is executed by the
brightness correcting unit;

FIG. 31 is a diagram illustrating an example of an input
image (Raw image) of the image correcting unit 100 and a
setting example of an index to determine an attribute of each
pixel of an image; and

FIG. 32 is a diagram illustrating a configuration of an index
showing a pixel attribute.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

Hereinafter, an image processing apparatus, an image pro-
cessing method, and a program of the present disclosure will
be described in detail with reference to the appended draw-
ings. The following description will be made in the order
described below.

1. Basic Configuration and Processing Example of Image
Processing Apparatus According to Present Disclosure
2. Specific Processing Example of Interpolation Processing

2-(1). Interpolation Processing Example with respect to
Image Photographed in 2D Image Photographing Mode

2-(2). Interpolation Processing Example 1 with respect to
Image Photographed in 3D Image Photographing Mode

2-(3). Interpolation Processing Example 2 with respect to
Image Photographed in 3D Image Photographing Mode

2-(4). Interpolation Processing Example 3 with respect to
Image Photographed in 3D Image Photographing Mode
3. Summary of Configuration according to Present Disclo-
sure
[1. Basic Configuration and Processing Example of Image
Processing Apparatus According to Present Disclosure]

First, a basic configuration and a processing example of an
image processing apparatus according to the present disclo-
sure will be described.

FIGS. 1A to 1C illustrate a configuration of an imaging
apparatus that is an example of an image processing appara-
tus.

Incident light that corresponds to a photographing object is
input through a photographing lens 11 of an imaging appara-
tus 10 illustrated in FIG. 1A.

The incident light that is input through the photographing
lens 11 is input to an imaging element 16 through a first
polarizing unit 12, a diaphragm 13, an image forming lens 14,
and a second polarizing unit 15.

FIG. 1A is a diagram of the imaging apparatus (camera) 10
viewed from the upper side, that is, a top view. As illustrated
in a schematic diagram of the imaging apparatus 10 and a
photographer 20, along with XYZ coordinate axes, at the
lower left of FIG. 1A, a configuration diagram of the imaging
apparatus of FIG. 1A is a diagram of the imaging apparatus
(camera) 10 viewed from the upper side.

As illustrated by a vertical dotted line (X axis) near the
center of FIG. 1A, the upper side of FIG. 1A becomes a right
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(R) side from the photographer and the lower side of FIG. 1A
becomes a left (L) side from the photographer.

The imaging element 16 is a photoelectric conversion ele-
ment such as a CCD and a CMOS and generates an electrical
signal according to object light and outputs the electrical
signal to an image processing unit 17.

The image processing unit 17 executes signal processing
according to a predetermined algorithm and stores image data
as the processing result in a storage unit 18.

The configuration and the processing of the image process-
ing unit 17 will be described in detail below.

In the configuration illustrated in FIG. 1A, the first polar-
izing unit 12 has a configuration illustrated in FIG. 1B and the
second polarizing unit 15 has a configuration illustrated in
FIG. 1C.

The first polarizing unit 12 is divided into two portions of
left and right portions, as illustrated in FIG. 1B. In the first
polarizing unit 12, different polarization regions of a vertical
polarization region 12V formed in a region of the left half and
ahorizontal polarization region 12H formed in a region of the
right half are configured. The polarization regions are config-
ured using polarization filters.

The vertical polarization region 12V passes only polarized
light of a vertical direction and light that has passed through
the vertical polarization region 12V becomes the polarized
light of the vertical direction.

The horizontal polarization region 12H passes only polar-
ized light of a horizontal direction and light that has passed
through the horizontal polarization region 12H becomes the
polarized light of the horizontal direction.

A center of gravity point 31 illustrated in FIG. 1B is a
position of a center of gravity of the vertical polarization
region 12V. Transmission light of the vertical polarization
region 12V corresponds to an image observed using the cen-
ter of gravity point 31 as a viewing point.

Likewise, a center of gravity point 32 illustrated in FIG. 1B
is a position of a center of gravity of the horizontal polariza-
tion region 12H. Transmission light of the horizontal polar-
ization region 12H corresponds to an image observed using
the center of gravity point 32 as the viewing point.

That is, an image that is observed using the center of
gravity point 31, which is the position of the center of gravity
of the vertical polarization region 12V, as the viewing point
corresponds to a left eye viewing point image (L image) that
is an observation image from the left eye and an image that is
observed using the center of gravity point 32, which is the
position of the center of gravity of the horizontal polarization
region 12H, as the viewing point corresponds to a right eye
viewing point image (R image) that is an observation image
from the right eye.

As such, an image that transmits the first polarizing unit 12
becomes an image that is obtained by transmitting two dif-
ferent left and right viewing point images as vertically polar-
ized light and horizontally polarized light, respectively.

Light of the two different viewing point images, that is, the
L image (vertically polarized light) corresponding to the
image for the left eye and the R image (horizontally polarized
light) corresponding to the image for the right eye, reaches the
second polarizing unit 15 through the image forming lens 14.

In the following description, the “image for the right eye”
is simply referred to as the “right eye image” and the “image
for the left eye” is simply referred to as the “left eye image”.

The second polarizing unit 15 has the configuration illus-
trated in FIG. 1C.

As illustrated in FIG. 1C, the second polarizing unit 15 has
a configuration in which three kinds of regions including the
horizontal polarization region 15H, the vertical polarization
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region 15V, and a total transmission (non-polarization) region
15A are repetitively set sequentially from the upper side.

The horizontal polarization region 15H selectively trans-
mits the polarized light of the horizontal direction to cause the
imaging element 16 to image only the horizontally polarized
light.

The vertical polarization region 15V selectively transmits
the polarized light of the vertical direction to cause the imag-
ing element 16 to image only the vertically polarized light.

The total transmission (non-polarization) region 15A
transmits both the polarized light of the horizontal direction
and the polarized light of the vertical direction to cause the
imaging element 16 to image incident light thereof.

Each polarization region that is set to the second polarizing
unit 15 is configured using a wire grid polarizer. Each polar-
ization region is a polarizing element that has a configuration
in which minute wires (for example, aluminum (Al) lines) are
arranged at a small interval and achieves a polarization char-
acteristic according to a wire arrangement direction.

FIG. 2 illustrates a state in which the second polarizing unit
15 and the imaging element 16 receiving the transmission
light of the second polarizing unit 15 overlap.

The imaging element 16 is an imaging element that has an
RGB arrangement (Bayer arrangement).

A configuration example illustrated in FIG. 2 is an example
in which the vertical polarization region 15V and the hori-
zontal polarization region 15H set to the second polarizing
unit 15 are set to be adjacent in a unit of two lines of the
imaging element and the total transmission (non-polariza-
tion) region 15A is set in a unit of twelve lines. That is, three
kinds of regions of (a) the vertical polarization region 15V of
the two lines, (b) the horizontal polarization region 15H of the
two lines, and (c) the total transmission (non-polarization)
region 15V ofthe twelve lines are repetitively set in a vertical
direction (Y direction) of the imaging element 16.

The horizontal polarization region 15H selectively trans-
mits the polarized light of the horizontal direction, that is,
only the R image (horizontally polarized light) corresponding
to the right eye image transmitted through the horizontal
polarization region 12H illustrated in FIG. 1B, and causes the
imaging element 16 to image the right eye image (R image).

The vertical polarization region 15V selectively transmits
the polarized light of the vertical direction, that is, only the L.
image (vertically polarized light) corresponding to the left
eye image transmitted through the vertical polarization region
12V illustrated in FIG. 1B, and causes the imaging element 16
to image the left eye image (L image).

The total transmission (non-polarization) region 15A
transmits both the R image (horizontally polarized light) cor-
responding to the right eye image transmitted through the
horizontal polarization region 12H illustrated in FIG. 1B and
the L. image (vertically polarized light) corresponding to the
left eye image transmitted through the vertical polarization
region 12V illustrated in FIG. 1B. The images become images
that correspond to images viewed from a center point 33,
which is a center position of the center of gravity point 31 and
the center of gravity point 32 illustrated in FIG. 1B. That is,
the images become the same images as normal images pho-
tographed by a normal monocular camera that do not have a
deviation in the viewing point due to the polarization.

The configuration example illustrated in FIG. 2 is a con-
figuration example of the second polarizing unit 15 and is an
example in which the vertical polarization region 15V and the
horizontal polarization region 15H are set to be adjacent in a
unit of the two lines of the imaging element and the total
transmission (non-polarization) region 15A is set in a unit of
the twelve lines.
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As the configuration of the second polarizing unit 15, other
configurations can be used.

For example, as illustrated in FIG. 3, the vertical polariza-
tion region 15V and the horizontal polarization region 15H
can be set to rectangular regions and can be arranged alter-
nately.

FIG. 4 is a diagram illustrating a state in which the second
polarizing unit and the imaging element 16 having the RGB
arrangement illustrated in FIG. 3 overlap.

An example illustrated in FIG. 4 is a configuration in which
regions of two rows where the vertical polarization region
15V and the horizontal polarization region 15H are set are
alternately arranged in units of rectangular regions including
four pixels of 2x2 and the total transmission (non-polariza-
tion) regions 15 A of fourteen rows are repetitively arranged in
the vertical direction (Y direction).

In this configuration, the horizontal polarization region
15H that is configured using the rectangular region including
the four pixels of 2x2 selectively transmits only the polarized
light of the horizontal direction, that is, the R image (horizon-
tally polarized light) corresponding to the right eye image
transmitted through the horizontal polarization region 12H
illustrated in FIG. 1B, and causes the imaging element 16 to
image the right eye image (R image).

The vertical polarization region 15V that is configured
using the rectangular region including the four pixels of 2x2
selectively transmits only the polarized light of the vertical
direction, that is, the I image (vertically polarized light)
corresponding to the left eye image transmitted through the
vertical polarization region 12V illustrated in FIG. 1B, and
causes the imaging element 16 to image the left eye image (L
image).

The total transmission (non-polarization) region 15A
transmits both the R image (horizontally polarized light) cor-
responding to the right eye image transmitted through the
horizontal polarization region 12H illustrated in FIG. 1B and
the L. image (vertically polarized light) corresponding to the
left eye image transmitted through the vertical polarization
region 12V illustrated in FIG. 1B. The images become images
that correspond to images viewed from the center point 33,
which is the center position of the center of gravity point 31
and the center of gravity point 32 illustrated in FIG. 1B. That
is, the images become the same images as normal images
observed from the center point 33 that do not have a deviation
in the viewing point due to the polarization.

FIG. 5 is a diagram illustrating a detailed configuration of
the image processing unit 17 illustrated in FIG. 1A.

The imaging element 16 is divided into the three kinds of
regions of (a) the vertical polarization region, (b) the horizon-
tal polarization region, and (c) the total transmission (non-
polarization) region and inputs a signal corresponding to each
region to the image processing unit 17, as described with
reference to FIGS. 2 to 4.

In the following description, the pixels corresponding to
(a) the vertical polarization regions and (b) the horizontal
polarization regions in the imaging element 16 are referred to
as polarization (PL) pixels.

The pixels corresponding to the total polarization (non-polar-
ization) regions are referred to as non-polarization (N) pixels.

An output of the imaging element 16 includes a PL pixel
output (=output of the pixels corresponding to the vertical
polarization region and the horizontal polarization region)
and an N pixel output (=output of the pixels corresponding to
the total transmission (non-polarization) region).

Inthis case, a processing example when the PL pixel output
and the N pixel output are output from the imaging element 16
having the combination configuration of the second polariz-
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ing unit 15 and the imaging element 16 described with refer-
ence to FIGS. 3 and 4 to the image processing unit 17 will be
described.

That is, the imaging element 16 has a configuration in
which regions of two rows where the vertical polarization
region 15V and the horizontal polarization region 15H are
alternately arranged in units of rectangular regions including
four pixels of 2x2 and the total transmission (non-polariza-
tion) regions 15 A of fourteen rows are repetitively arranged in
the vertical direction (Y direction), as described with refer-
ence to FI1G. 4.

Separation processing of the pixel output of each region of
the polarization region pixel (PL pixel) and the non-polariza-
tionregion pixel (N pixel) is executed with respect to the pixel
signal that is output from the imaging element 16 illustrated in
FIG. 5, in a polarization pixel separating unit 51 of the image
processing unit 17.

An N pixel signal (non-polarization pixel signal) 61 that is
separated by the separation processing of the polarization
pixel separating unit 51 is input to the image correcting unit
52.

The image correcting unit 52 executes pixel interpolation
processing with respect to a pixel region missed from the N
pixel signal (non-polarization pixel signal) 61, that is, the
pixels of the PL pixel region. Specifically, the image correct-
ing unit 52 executes interpolation processing for calculating a
pixel value of the PL pixel region with reference to pixel
values of the upper and lower N pixels and setting the pixel
value.

An interpolation image (2D-Raw image) 62 that has the
same pixel number as the input image is generated by setting
the pixel values of all of the PL pixel regions of which the
pixel values are missing, by the pixel interpolation process-
ing. The interpolation image (2D-Raw image) 62 is an image
in which a pixel value of any one of RGB is set to each pixel.

The interpolation image (2D-Raw image) 62 that is gener-
ated by the image correcting unit 52 becomes an image in
which N pixel signals (non-polarization pixel signals) are set
to all of the pixels forming the imaging element 16. The image
is one two-dimensional (2D) Raw image that corresponds to
an image observed from the center point 33 of the first polar-
izing unit 12 illustrated in FIG. 1B.

The interpolation image (2D-Raw image) 62 that is gener-
ated by the image correcting unit 52 is input to a demosaick-
ing processing unit 53.

The demosaicking processing unit 53 executes demosaick-
ing processing and other camera signal processing with
respect to the interpolation image (2D-Raw image) 62 and
converts the interpolation image into a normal 2D image.

The demosaicking processing is processing for setting all
color signals, for example, pixel values of individual colors of
RGB, to all pixel positions and is processing executed in a
general camera.

The 2D-RGB image 63 that is generated by the demosa-
icking processing unit 53 is input to a parallax image gener-
ating unit 56.

Meanwhile, the PL pixel signal (polarization pixel signal)
65 that is one separation signal to be generated by the sepa-
ration processing of the polarization pixel separating unit 51
becomes a pixel signal having only a pixel value of the polar-
ization region pixel (PL pixel), rather than the pixel value of
the non-polarization region pixel (N pixel).

The PL pixel signal (polarization pixel signal) 65 is input to
the polarization pixel interpolation processing unit 54.

The processing example described above is a configuration
in which the regions of the two rows where the vertical polar-
ization region 15V and the horizontal polarization region 15H
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are alternately arranged in units of rectangular regions includ-
ing the four pixels of 2x2 and the total transmission (non-
polarization) regions 15A of the fourteen rows are repetitively
arranged in the vertical direction (Y direction), as described
with reference to FIG. 4.

Therefore, the PL pixel signal (polarization pixel signal) 65
that is generated by the separation processing of the polariza-
tion pixel separating unit 51 becomes an image in which the
regions of the two rows where the vertical polarization region
15V and the horizontal polarization region 15H are alter-
nately arranged in units of rectangular regions including the
four pixels of 2x2 are set in the vertical direction, for every 14
rOws.

The polarization pixel interpolation processing unit 54
selects only the regions of the two rows where the vertical
polarization region 15V and the horizontal polarization
region 15H are alternately arranged in units of rectangular
regions including the four pixels of 2x2 as processing objects
and executes processing illustrated in FIG. 6 with respect to
the PL pixel regions.

That is, the polarization pixel interpolation processing unit
54 generates each image of a left eye image signal (vertical
polarization image signal) 66a to which the pixel value cor-
responding to the vertical polarization region 15V is set and a
right eye image signal (horizontal polarization image signal)
665 to which the pixel value corresponding to the horizontal
polarization region 15H is set, with respect to the PL pixel
region included in the PL pixel signal (polarization pixel
signal) 65.

The left eye image signal (vertical polarization image sig-
nal) 66aq illustrated in FIG. 6 is generated by pixel value
interpolation processing for resetting (removing) a pixel
value of the horizontal polarization pixel region of the PL
pixel region included in the PL pixel signal (polarization pixel
signal) 65 and setting the pixel value of the reset pixel using
the pixel values of the peripheral vertical polarization pixels.

Likewise, the right eye image signal (horizontal polariza-
tion image signal) 665 illustrated in FIG. 6 is generated by
pixel value interpolation processing for resetting (removing)
apixel value of the horizontal polarization pixel region of the
PL pixel region included in the PL pixel signal (polarization
pixel signal) 65 and setting the pixel value of the reset pixel
using the pixel values of the peripheral horizontal polariza-
tion pixels.

As a result, the image to which the pixel value included in
the left eye image signal (vertical polarization image signal)
66q is set becomes an image viewed from the left center of
gravity point 31 of the first polarizing unit 12 illustrated in
FIG. 1B, thatis, an image corresponding to the left eye image.

Likewise, the image to which the pixel value included in
the right eye image signal (horizontal polarization image
signal) 665 is set becomes an image viewed from the right
center of gravity point 32 of the first polarizing unit 12 illus-
trated in FIG. 1B, that is, an image corresponding to the right
eye image.

As such, the polarization pixel interpolation processing
unit 54 interpolates information missing in a horizontal direc-
tion of each of the left eye image and the right eye image with
respect to the PL pixel region included in the PL pixel signal
(polarization pixel signal) 65 and generates the left eye image
signal (vertical polarization image signal) 664 and the right
eye image signal (horizontal polarization image signal) 665
that have the same horizontal pixel number as the input
image.

The image that is generated by the polarization pixel inter-
polation processing unit 54 is input to the parallax detecting
unit 55.
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The parallax detecting unit 55 compares corresponding
pixels using block matching processing with respect to the
two images of the left eye image signal (vertical polarization
image signal) 664 and the right eye image signal (horizontal
polarization image signal) 665 having the same horizontal
pixel number as the input image and illustrated in FIG. 6,
calculates an object deviation amount, and detects the object
distance as parallax information.

That is, the parallax detecting unit 55 detects the deviation
between the pixels of the left eye image and the right eye
image by the block matching processing and calculates the
object distance according to the deviation amount.

The parallax detecting unit 55 generates a depth map 67
having the object distance information corresponding to each
pixel and outputs the depth map.

The depth map 67 is data that has the object distance
information with respect to each of the pixels forming the
image. For example, the depth map 67 is configured as an
image to which a brightness value according to the object
distance is set.

Specifically, a region having the short object distance
(close to the camera) has high brightness and a region having
the long object distance (far from the camera) has low bright-
ness. The parallax detecting unit 55 generates the depth map
to which the pixel value is set and outputs the depth map to the
parallax image generating unit 56.

The images of the left eye image signal (vertical polariza-
tion image signal) 66a and the right eye image signal (hori-
zontal polarization image signal) 664 that are generated by
the polarization pixel interpolation processing unit 54 do not
have an image signal with respect to the N pixel (non-polar-
ization pixel) region of the input image, as illustrated in FIG.
6. However, the parallax detecting unit 55 calculates the left
eye image to which an interpolation pixel value based on the
left eye image signal (vertical polarization image signal) 66a
is set and the right eye image to which the interpolation pixel
value based on the right eye image signal (horizontal polar-
ization image signal) 665 is set with respect to the N pixel
(non-polarization pixel) not having the pixel value, and cal-
culates the distance information corresponding to all of the
pixels by the matching processing between the images.

As the pixel value interpolation processing, linear interpo-
lation processing can be used.

The parallax image generating unit 56 generates two
images of a left eye image (L. image) 71 and a right eye image
(R image) 72, using the 2D-RGB image 63, which is the
two-dimensional image output from the demosaicking pro-
cessing unit 53, and the depth map 67 corresponding to the
parallax information output from the parallax detecting unit
55.

That is, the parallax image generating unit 56 executes
image conversion processing for setting the parallax accord-
ing to the object distance on the basis of the depth map 67
corresponding to the parallax information with respect to the
2D-RGB image 63, generates the left eye image (L. image) 71
and the right eye image (R image) 72, and outputs the left eye
image and the right eye image.

The image conversion processing that is executed by the
parallax image generating unit 56 is processing for generating
the left eye image (L. image) 71 and the right eye image (R
image) 72 to be applicable to three-dimensional image dis-
play by the image conversion based on one two-dimensional
image (2D image) and outputting the left eye image and the
right eye image and is generally referred to as 2D3D conver-
sion processing.

As the 2D3D conversion processing for generating the left
eye image (L image) 71 and the right eye image (R image) 72
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to be applicable to the three-dimensional image display by the
image conversion based on one two-dimensional image (2D
image), various processing is suggested. In the parallax image
generating unit 56, the 2D3D conversion processing to which
the existing method is applied is executed.

Specifically, the parallax image generating unit 56
executes image shift processing according to the parallax
with respect to the 2D-RGB image 63, using the depth map 67
corresponding to the parallax information output from the
parallax detecting unit 55, and generates the two images of
the left eye image (L. image) 71 and the right eye image (R
image) 72.

For example, 2D3D conversion using a configuration
described in the previous Japanese Patent Application No.
2009-283080 of the applicants may be executed. As such, the
parallax image generating unit 56 executes 2D3D conversion
processing for executing parallax setting according to the
object distance using the depth map 67 input from the parallax
detecting unit 55 with respect to the 2D-RGB image 63 input
from the demosaicking processing unit 53, generates the left
eye image (L image) 71 and the right eye image (R image) 72
applied to the 3D image display, and outputs the left eye
image and the right eye image through the image output unit
57.

As described above, the image processing unit 17 illus-
trated in FIG. 5 acquires the images from the different view-
ing points acquired according to the polarizer arranged on the
imaging element 16, that is, the left eye image and the right
eye image, and generates the depth map corresponding to the
parallax information on the basis of the images.

The image processing unit 17 acquires a normal 2D image
by the pixels in which the polarizer is not arranged and out-
puts high-definition left and right eye images applied to the
3D image display by image processing from information
thereof.

In the embodiment described above, the first polarizing
unit 12 described with reference to FIGS. 1A to 1C has the
configuration in which the horizontal polarization region is
set to the right side and the vertical polarization region is set
to the left side. However, the setting may be inverted.

In addition to the combination of the horizontally polarized
light and the vertically polarized light, any combination of
polarization regions that have two different polarization
directions, such as polarization regions transmitting polar-
ized light of oblique directions, may be applied.

The second polarizing unit 15 should set to the polarization
regions having the same combination as the polarization
regions set to the first polarizing unit 12, to correspond to the
setting of the polarization regions of the first polarizing unit
12.

[2. Specific Processing Example of Interpolation Processing]

The image correcting unit 52 of the image processing unit
17 of FIG. 5 described above executes processing for input-
ting the N pixel (non-polarization pixel) signal 61 input from
the polarization pixel separating unit 51 and including the
total transmission pixels and setting the pixel value of the PL,
pixel (polarization pixel) region not included in the N pixel
signal (non-polarization pixel) signal 61 by the interpolation
processing.

As illustrated in FIGS. 7A and 7B, the imaging apparatus
10 has a configuration in which a mode to photograph an
image can be switched into a 2D mode to photograph a 2D
image and a 3D mode to photograph the left eye image and the
right eye image to be applicable to the 3D image display.
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As illustrated in FIGS. 7A and 7B, the first polarizing unit
12 is set to an optical path in the 3D mode and the first
polarizing unit 12 is removed from the optical path in the 2D
mode.

When an image is photographed in the 3D mode, the fol-
lowing images are photographed in the PL pixels (polariza-
tion pixels), as described above.

The left eye image (image viewed from the center of grav-
ity point 31 of FIG. 1B) is photographed in the vertical polar-
ization pixels and the right eye image (image viewed from the
center of gravity point 32 of FIG. 1B) is photographed in the
horizontal polarization pixels. In the N pixels (non-polariza-
tion pixels), which are the total transmission pixels, an image
viewed from the center of the lens (image viewed from the
center point 33 of FIG. 1B) is photographed.

Meanwhile, in the setting of the 2D mode illustrated in
FIG. 7B, because the first polarizing unit 12 is not on the
optical path, light incident on the imaging element 16 is only
controlled by the second polarizing unit 15.

In this case, in all of the vertical polarization pixels and the
horizontal polarization pixels corresponding to the PL pixels
(polarization pixels) and the total transmission pixels corre-
sponding to the N pixels (non-polarization pixels), images
viewed from the center of the lens (images viewed from the
center point 33 of FIG. 1B) are photographed.

However, the incident light amounts of the vertical polar-
ization pixels and the horizontal polarization pixels corre-
sponding to the PL pixels (polarization pixels) become
smaller than the incident light amounts of the N pixels (non-
polarization pixels) by polarization processing. That is, the
brightness decreases. This is the same in the photographing
processing in the 3D mode.

The image correcting unit 52 described above with refer-
ence to FIG. 5 executes processing for inputting only the N
pixel (non-polarization pixel) signal 61 input from the polar-
ization pixel separating unit 51 and including the total trans-
mission pixels and setting the pixel value of the PL pixel
(polarization pixel) region not included in the N pixel (non-
polarization pixel) signal 61 by the interpolation processing.

In an embodiment to be described below, as illustrated in
FIG. 8, the image correcting unit 100 receives a total pixel
signal 81 from the polarization pixel separating unit 51.

That is, the image correcting unit 100 receives the N pixel
(non-polarization pixel) signal configured by the total trans-
mission pixels and the PL pixel (polarization pixel) signal.

The image correcting unit 100 illustrated in FIG. 8 receives
all of the signals generated by the imaging element and gen-
erates an interpolation image (2D-Raw image) 62.

Hereinafter, a plurality of examples of specific processing
that is executed by the image correcting unit 52 will be
described sequentially. The following processing aspects will
be described sequentially.

(1). Interpolation Processing Example with respect to Image
Photographed in 2D Image Photographing Mode

(2). Interpolation Processing Example 1 with respect to
Image Photographed in 3D Image Photographing Mode

(3). Interpolation Processing Example 2 with respect to
Image Photographed in 3D Image Photographing Mode

(4). Interpolation Processing Example 3 with respect to
Image Photographed in 3D Image Photographing Mode
[2-(1). Interpolation Processing Example with respect to
Image Photographed in 2D Image Photographing Mode]

First, an interpolation processing example with respect to
an image photographed in the 2D image photographing mode
to photograph a 2D image in the imaging apparatus will be
described.
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A detailed configuration of the image correcting unit 100
illustrated in FIG. 8 is illustrated in FIG. 9.

As illustrated in FIG. 9, the image correcting unit 100
includes a brightness correcting unit 101, a gradient detecting
unit 102, a reflection detecting unit 103, and an interpolation
processing unit 104.

As described above, the image correcting unit 100 receives
the total pixel signal 81 from the polarization pixel separating
unit 51 illustrated in FIG. 8.

That is, the image correcting unit 100 receives the N pixel
(non-polarization pixel) signal configured by the total trans-
mission pixels and the PL pixel (polarization pixel) signal.

The brightness correcting unit 101 of the image correcting
unit 100 first corrects brightness of the PL pixel and the PL,
pixel adjacent pixel included in the total pixel signal 81.

As described above, in the PL pixel (polarization pixel), the
incident light amount is restricted by the polarization process-
ing by the second polarizing unit 15 and the pixel value
(brightness) decreases as compared with the N pixel (non-
polarization pixel), which is the total transmission pixel.

In the N pixel adjacent to the PL pixel, the brightness
decreases as compared with the N pixel of which all of the
peripheral pixels are the N pixels. This is because light leaked
from the adjacent pixels (PL pixels) decreases in the N pixels
adjacent to the PL pixel.

Therefore, the brightness correcting unit 101 corrects the
brightness of the PL pixel and the PL pixel adjacent pixel
included in the total pixel signal 81. For example, the bright-
ness correcting unit 101 executes brightness correction to
match the brightness of the polarization region pixel (PL
pixel) and the pixel adjacent to the polarization region pixel
(pixel adjacent to the PL. pixel) with the brightness of the total
transmission region pixel (N pixel) corresponding to the total
transmission region.

A specific processing example will be described below.

A brightness correction image 121 that is generated by the
brightness correcting unit 101 is output to the gradient detect-
ing unit 102, the reflection detecting unit 103, and the inter-
polation processing unit 104.

The gradient detecting unit 102 receives the brightness
correction image 121 generated by the brightness correcting
unit 101 and performs detection of the gradient direction of
the pixel value with respect to each PL pixel, which is the
interpolation object pixel, on the basis of the pixel value of the
N pixel region around the PL pixel.

That is, the gradient detecting unit 102 generates gradient
information corresponding to pixel value change rates of a
plurality of directions of the peripheral pixels in units of
polarization region pixels (PL pixels). This processing is the
same processing as edge detection. The change rates of the
pixels are calculated as gradient coefficients of four direc-
tions, which are a horizontal gradient coefficient: Hgrad, a
vertical gradient coefficient: Vgrad, an upward sloping gra-
dient coefficient: Agrad, and a downward sloping gradient
coefficient: Dgrad.

Gradient information 122 that includes the gradient coef-
ficients is input to the interpolation processing unit 104.

The reflection detecting unit 103 receives the brightness
correction image 121 that is generated by the brightness cor-
recting unit 101 and determines whether a reflection light
component is included with respect to each PL pixel.

Specific polarized light, in this example, vertically polar-
ized light or horizontally polarized light, is selectively inci-
dent on the PL pixel (polarization pixel).

For example, in light reflected from a surface of water or
glass, a polarized light component of a specific direction
strongly appears. If the reflection light is included in a pho-
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tographed image, a deviation, in which one of the pixel values
of the horizontal polarization pixel and the vertical polariza-
tion pixel of the PL pixels may increase and the other may
decrease, is caused.

The reflection detecting unit 103 determines whether the
reflection light is included in the photographed image. A
specific example of the determination processing will be
described below.

Reflection information 123 that is detected by the reflec-
tion detecting unit 103 is input to the interpolation processing
unit 104.

The interpolation processing unit 104 receives the bright-
ness correction image 121 that is generated by the brightness
correcting unit 101, the gradient information 122 that is gen-
erated by the gradient detecting unit 102, and the reflection
information 123 that is detected by the reflection detecting
unit 103.

The interpolation processing unit 104 executes pixel inter-
polation processing as correction processing of the pixel
value of the PL pixel region. When the interpolation process-
ing unit 104 executes the interpolation processing, the inter-
polation processing unit 104 uses the gradient information
122 generated by the gradient detecting unit 102 and the
reflection information 123 detected by the reflection detect-
ing unit 103 and executes the interpolation processing accord-
ing to an interpolation aspect determined according to the
information.

A specific processing example will be described below.

As the result of the interpolation processing, the 2D-Raw
image 62 that is the output of the image correcting unit 100
illustrated in FIG. 8 is generated.

FIG. 10 is a flowchart illustrating a sequence of processing
that is executed by the image correcting unit 100.

Processing of each step will be described.

In step S101, the image correcting unit 100 receives an
image S (Raw image) that is photographed in the 2D mode
(non-setting of the first polarizing unit).

Next, in step S102, the image correcting unit 100 generates
a brightness correction image T by the brightness correction
processing of the PL. pixel region and the PL pixel peripheral
area.

This processing is processing that is executed by the bright-
ness correcting unit 101 illustrated in FIG. 9.

Next, in step S103, the image correcting unit 100 detects
the image gradient (edge direction) on the basis of the bright-
ness correction image T.

This processing is processing that is executed by the gra-
dient detecting unit 102 illustrated in FIG. 9.

Next, in step S104, the image correcting unit 100 detects
whether there is reflection light on the basis of the brightness
correction image.

This processing is processing that is executed by the reflec-
tion detecting unit 103 illustrated in FIG. 9.

In step S105, with respect to the pixel (PL pixel) in which
it is determined that the reflection light is not detected, the
image correcting unit 100 outputs the brightness corrected
pixel value as it is.

Meanwhile, in step S105, with respect to the pixel (PL
pixel) in which it is determined that the reflection light is
detected, the image correcting unit 100 executes the correc-
tion processing, specifically, the interpolation processing
using the peripheral N pixels as the reference pixels, in step
S106.

The interpolation processing in step S106 is executed by
determining setting directions of the reference pixels accord-
ing to gradient information of three directions of a vertical
direction, an upward sloping direction, and a downward slop-
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ing direction, among the gradient information generated by
the gradient detecting unit 102. Specifically, the N pixels of
the specific direction in which the gradient is small, that is, the
pixel value change is small, are selected as the reference
pixels and the interpolation processing using the pixel values
of'the specific direction, for example, the linear interpolation
processing, is executed.

A specific example of the processing that is executed by the
image correcting unit 100 will be described with reference to
FIG. 11.

FIG. 11 is a diagram illustrating an example of an input
image (Raw image) of the image correcting unit 100 and a
setting example of an index to determine an attribute of each
pixel of the image.

An image illustrated in FIG. 11 has the same configuration
as described above with reference to FI1G. 4. That is, PL. pixel
(polarization pixel) regions of two rows in which the vertical
polarization region 15V and the horizontal polarization
region 15H are set and are alternately arranged in units of
rectangular regions including four pixels of 2x2 and N pixel
(non-polarization pixel) regions 15A, which are total trans-
mission pixels of fourteen rows, are repetitively arranged in
the vertical direction (Y direction).

When the 3D mode is set, the left eye image, which is the
image from the left viewing point, is photographed in the
vertical polarization region 15V and the right eye image,
which is the image from the right viewing point, is photo-
graphed in the horizontal polarization region 15H.

In the 2D mode, the image from the same viewing point as
the N pixel (non-polarization pixel) region 15A, that is, the
image from the viewing point that is the lens center, is pho-
tographed in both of the polarization regions 15V and 15H.
However, the light amount decreases.

As illustrated in FIG. 11, an X direction index (X-coordi-
nateattribute) and aY direction index (Y coordinate attribute)
are set to each pixel.

In the X direction index [xidx (x)], any one of 0 to 3 is set
to correspond to each pixel.

IntheY direction index [yidx(y)], any one of O to 5 is set to
correspond to each pixel.

The attributes of the pixels are determined on the basis of
the values of the indexes. For example, yidx(y)=0, 5 show the
N pixels not adjacent to the PL pixels, yidx(y)=1, 4 show the
N pixels adjacent to the PL pixels, and yidx(y)=2, 3 show the
PL pixels.

The configurations of the indexes that show the pixel
attributes are illustrated in FIG. 12.

As illustrated in FIG. 12, kinds of the indexes showing the
pixel attributes are as follows.

(1) X Coordinate Attribute (X index) [xidx (x)]

(2) Y Coordinate Attribute (Y index) [yidx(y)]

(3) Viewing Point Attribute (viewing point index) [ep (X, ¥)]
(4) Color Attribute (color index) [color (%, y)]

A correspondence relation between a value of each
attribute (index) and identification information is as follows.
(1) X Coordinate Attribute (X index) [xidx (x)]

xidx (x)=0, 1: left eye pixels or non-polarization (total trans-
mission) pixels of column including left eye pixels

xindx (x)=2, 3: right eye pixels or non-polarization (total
transmission) pixels of column including right eye pixels
(2) Y Coordinate Attribute (Y index) [yidx(y)]

yindx (y)=0, 5: non-polarization (total transmission) pixels
apart from polarization pixel (PL pixel)

yindx (y)=1, 4: non-polarization (total transmission) pixels
adjacent to polarization pixel (PL pixel)

yindx (y)=2, 3: polarization pixels (PL pixels)
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(3) Viewing Point Attribute (viewing point index) [ep (X, y)]
ex (%, y)=0: total transmission pixel (non-polarization pixel)
ex (%, y)=-1: left eye pixel (vertical polarization pixel)

ex (X, y)=+1: right eye pixel (horizontal polarization pixel)
(4) Color Attribute (color index) [color (X, y)]

Color (x, y)=0: red (R) pixel

Color (x, y)=1: green (G) pixel

Color (%, y)=2: blue (B) pixel

The image correcting unit 100 sets the index to correspond
to the pixel of the input processing object image and executes
processing based on the index information.

FIG. 13 is a diagram illustrating a setting example of each
index of (1) an X coordinate attribute (X index) [xidx (x)] and
(2) aY coordinate attribute (Y index) [ydix (y)].

FIG. 13 illustrates an example in which coordinates of
(xbase, ybase) of a pixel of a left upper end of an image are set
as reference coordinates and setting is performed on the basis
of a relative position from a reference point.

When the image correcting unit 100 executes processing
with respect to the pixel of the input processing object image,
the image correcting unit 100 determines the index (attribute)
set to the pixel, determines a processing aspect, and sequen-
tially executes processing.

Next, a specific example of processing that is executed in
each structural element of the image correcting unit 100 illus-
trated in FIG. 9 will be described with reference to FIG. 14.
(Specific Example of Processing of Brightness Correcting
Unit 101)

First, a specific example of the brightness correction pro-
cessing that is executed by the brightness correcting unit 101
illustrated in FIG. 9 will be described with reference to FIG.
14.

The processing corresponds to processing of step S102 in a
flowchart of FIG. 10.

As described above, the brightness correcting unit 101
receives a total pixel signal 81 from the polarization pixel
separating unit 51 illustrated in FIG. 8.

That is, the brightness correcting unit 101 receives the N
pixel (non-polarization pixel) signal configured by the total
transmission pixels and the PL pixel (polarization pixel) sig-
nal.

The brightness correcting unit 101 corrects the brightness
of'the PL pixel and the PL pixel adjacent pixel included in the
total pixel signal 81. As described above, in the PL pixel
(polarization pixel), the incident light amount is restricted by
the polarization processing by the second polarizing unit 15
and the pixel value (brightness) decreases as compared with
the N pixel (non-polarization pixel), which is the total trans-
mission pixel.

In the N pixel adjacent to the PL pixel, the brightness
decreases as compared with the N pixel of which all of the
peripheral pixels are the N pixels. This is because light leaked
from the adjacent pixels (PL pixels) decreases in the N pixels
adjacent to the PL pixel.

Therefore, the brightness correcting unit 101 corrects the
brightness of the PL pixel and the PL pixel adjacent pixel
included in the total pixel signal 81.

FIG. 14 is a diagram illustrating a flow of a sequence of
brightness correction executed by the brightness correcting
unit 101 and a specific example of brightness correction pro-
cessing.

Processing of each step of the flow will be described.

First, in step S121, the brightness correcting unit 101
sequentially selects the PL pixels and the PL. pixel adjacent
pixels that become the brightness correction objects.
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As illustrated at the lower side (reference diagram) of FIG.
14, the PL. pixels and the PL pixel adjacent pixels that become
the brightness correction objects are pixels having Y coordi-
nate indexes: yidx(y)=1 to 4.

The processing of step S122 and the following processing
are sequentially executed for each pixel selected in step S121.

In step S122, the brightness correcting unit 101 selects the
total transmission (non-polarization) pixels positioned at the
upper and lower sides of the same column of the selected
pixels, having the same color, and not adjacent to the PL
pixels as the reference pixels and acquires the pixel values of
the reference pixels.

For example, in FIG. 14 (reference diagram), when pixels
having the Y coordinate indexes: yidx(y)=1, 2 are selected as
the correction object pixels, that is, when pixels included in a
correction object region 141 of FIG. 14 are selected, the
reference pixels are selected from a reference pixel region
142 and a reference pixel region 143 illustrated in FIG. 14.

When pixels having the Y coordinate indexes: yidx(y)=3, 4
are selected as the correction object pixels, that is, when
pixels included in a correction object region 151 of FIG. 14
are selected, the reference pixels are selected from a reference
pixel region 152 and a reference pixel region 153 illustrated in
FIG. 14.

The total transmission (non-polarization) pixels that are
positioned at the upper and lower sides of the same column of
the selected pixels, have the same color, and are not adjacent
to the PL pixels are selected from the upper and lower refer-
ence regions one by one and the pixel values thereof are
acquired.

Next, in step S123, the brightness correcting unit 101 cal-
culates a weighting average value [VVLerp] obtained by
multiplying the weight according to the distance with the
correction object pixel on the basis of the pixel values of the
upper and lower two reference pixels.

In step S124, the brightness correcting unit 101 calculates
gain G(x, y) on the basis of the weighting average value
[VVLerp] and the pixel value [S(x, y)] of the correction object
pixel.

The gain is calculated according to the following expres-
sion.

Glxy)=(VVLerp)/(S(x.y))

Finally, in step S125, the brightness correcting unit 101
multiplies the pixel value [S(x, y)] of the correction object
pixel with the gain G(x, y) and calculates the brightness
correction pixel value.

The brightness correcting unit 101 executes the processing
with respect to the PL pixels and the PL pixel adjacent pixels,
corrects the brightness, sets the obtained values as the pixel
values of the PL pixels and the PL pixel adjacent pixels, and
generates the brightness correction image T.

(Specific Example of Processing of Gradient Detecting Unit
102)

Next, a specific example of the gradient detection process-
ing that is executed by the gradient detecting unit 102 illus-
trated in FIG. 9 will be described with reference to FIG. 15.

This processing corresponds to the processing of step S103
in the flowchart of FIG. 10.

As described above, the gradient detecting unit 102
receives the brightness correction image 121 generated by the
brightness correcting unit 101 and detects the gradient direc-
tion of the pixel value with respect to each of the PL pixels,
which are the interpolation object pixels, on the basis of the
pixel value of the N pixel region around the PL pixels. This
processing is the same processing as the edge detection. The
change rates of the pixels are calculated as gradient coeffi-
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cients of four directions, including a horizontal gradient coef-
ficient: Hgrad, a vertical gradient coefficient: Vgrad, an
upward sloping gradient coefficient: Agrad, and a downward
sloping gradient coefficient: Dgrad.

Processing of each step of the flow will be described.

First, in step S151, the gradient detecting unit 102 sequen-
tially selects the processing object pixels from the PL pixels
becoming the interpolation processing objects.

Next, the gradient detecting unit 102 sequentially executes
the processing of step S152 with respect to the selected pixels.

In step S152, the gradient detecting unit 102 selects the
total transmission (non-polarization) pixels positioned at the
upper and lower sides around the selected pixels and having
the same color as the reference pixels and executes the gra-
dient detection processing based on the pixel values of the
reference pixels.

Specifically, the gradient detecting unit 102 calculates gra-
dient coefficients of four directions, including a horizontal
gradient coefficient: Hgrad, a vertical gradient coefficient:
Vgrad, an upward sloping gradient coefficient: Agrad, and a
downward sloping gradient coefficient: Dgrad, using the
pixel values of the reference pixels of the N pixel region.

As illustrated at the lower side (reference diagram) of FIG.
15, a calculation example of the vertical gradient coefficient:
Vgrad is illustrated.

The selected pixel is a G pixel 161 that is positioned in the
PL pixel region. The selected pixel is the G pixel 161 of xidx
(x)=3 and yidx(y)=2.

When the vertical gradient coefficient with respect to the G
pixel 161, which is the selected pixel, is calculated, the fol-
lowing processing is executed.

The brightness difference is calculated on the basis of the
two upper and lower G pixels of the N pixel region of xidx=2,
which is a left adjacent column of the selected pixel.

The brightness difference is calculated on the basis of the
two upper and lower G pixels of the N pixel region of xidx
(x)=3, which are the same column as the selected pixel.

The brightness difference is calculated on the basis of the
two upper and lower G pixels of the N pixel region of xidx=0,
which are a right adjacent column of the selected pixel.

The three brightness differences are calculated, the weight
according to the distance from the selected pixel (G pixel 161)
is set, the three brightness differences are added, and the
vertical gradient coefficient Vgrad is calculated.

The gradient coefficients of the horizontal gradient coeffi-
cient: Hgrad, the vertical gradient coefficient: Vgrad, the
upward sloping gradient coefficient: Agrad, and the down-
ward sloping gradient coefficient: Dgrad are calculated by
changing the combination of the reference pixels according to
each direction.

As such, in step S152, the total transmission (non-polar-
ization) pixels that are positioned at the upper and lower sides
around the selected pixel and have the same color are selected
as the reference pixels and the gradient detection processing
based on the pixel values of the reference pixels is executed.
(Specific Example of Processing of Reflection Detecting Unit
103)

Next, a specific example of the reflection detection pro-
cessing that is executed by the reflection detecting unit 103
illustrated in FIG. 9 will be described with reference to FIG.
16.

This processing corresponds to the processing of step S104 in
the flowchart of FIG. 10.

As described above, the reflection detecting unit 103
receives the brightness correction image 121 generated by the
brightness correcting unit 101 and determines whether reflec-
tion light is included with respect to each PL pixel.
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The processing of each step of the flow will be described.

First, in step S161, the reflection detecting unit 103 sequen-
tially selects the processing object pixels from the PL pixels
becoming the interpolation processing objects.

Next, the reflection detecting unit 103 sequentially
executes the processing of step S162 with respect to the
selected pixels.

In step S162, the reflection detecting unit 103 executes the
reflection detection processing based on the pixel values of
the peripheral pixels (PL pixels) of the horizontal direction of
the row of the selected pixels. Specifically, the reflection
detecting unit 103 executes application processing of the
reflection detection filter.

As described above, specific polarized light, in this
example, vertically polarized light or horizontally polarized
light, is selectively incident on the PL pixel (polarization
pixel).

For example, in light reflected from a surface of water or
glass, a polarized light component of a specific direction
strongly appears. If the reflection light is included in a pho-
tographed image, a deviation, in which one of the pixel values
of the horizontal polarization pixel and the vertical polariza-
tion pixel of the PL pixels may increase and the other may
decrease, is caused.

As illustrated in FIG. 16 (reference diagram), when the
brightness difference (difference of the pixel values) due to
the polarization is generated in the vertical polarization
region and the horizontal polarization region, it can be deter-
mined that the reflection light is included.

Presence or absence of the deviation of the brightness
based on the polarization is detected using the reflection
detection filter.

The specific processing will be described with reference to
FIGS. 17 to 20.

The reflection detection processing using the reflection
detection filter is executed according to the following pro-
cessing sequence: a. calculation of a parameter: Href(x, y)
(refer to FIG. 17), b. calculation of a parameter: Hnoref(x, y)
(refer to FIG. 18), c. calculation of parameters: ref(x, y) and
noref(x, y) (refer to F1G. 19), and d. determination of a reflec-
tion presence determination result refDetect(x, y) (refer to
FIG. 20).

First, processing of a. calculation of a parameter: Href(x, y)
will be described with reference to FIG. 17.

As the reflection detection filter, two filters of the setting
illustrated in FIG. 17 are used. That is, the two filters in which
the following coefficients are set as the coefficients multiplied
with respect to the seven pixels in the x direction are used.
Filter 0: +1, -2, -3, +4, +3, -2, -1
Filter 1: -1, -2, 43, +4, -3, -2, +1,

The two kinds of filters in which the above coefficients are
set are applied.

As illustrated in FIG. 17, when the parameter: Href(x, y) is
calculated, the selected pixel of the PL pixel that is selected as
the reflection detection processing object calculates the
parameter: Href(x, y) by applying the filter 1, in the case of
xidx(x)=0, 2, as illustrated in FIG. 17(al).

FIG. 17(al) illustrates filter application processing when
the selected pixel is the R pixel shown by a dotted circle.

In this case, the pixel values of the R pixel, the three left
pixels, and the three right pixels are multiplied by each coef-
ficient of the filter 1, the pixel values are added, and the
parameter: Href(x, y) is calculated.

In addition, the selected pixel of the PL pixel that is
selected as the reflection detection processing object calcu-
lates the parameter: Href(x, y) by applying the filter 0, in the
case of xidx(x)=1, 3, as illustrated in FIG. 17(a2).
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FIG. 17(a2) illustrates filter application processing when
the selected pixel is the G pixel shown by a dotted circle.

In this case, the pixel values of the G pixel, the three left
pixels, and the three right pixels are multiplied by each coef-
ficient of the filter 0, the pixel values are added, and the
parameter: Href(x, y) is calculated.

Next, processing of b. calculation of a parameter: Hnoref
(x, y) will be described with reference to FIG. 18.

As the reflection detection filter, the same filters as the
filters described with reference to FIG. 17 are applied. That is,
the two filters in which the following coefficients are set as the
coefficients multiplied with respect to the seven pixels in the
x direction are applied.

Filter 0: +1, -2, -3, +4, +3, -2, -1
Filter 1: -1, -2, 43, +4, -3, -2, +1,

The two kinds of filters in which the above coefficients are
set are applied.

When the processing of b. calculation of a parameter:
Hnoref(x, y) illustrated in FIG. 18 is executed, filer applica-
tion processing that is inverse to the filter application aspect of
the calculation processing of the parameter: Href(x, y)
described with reference to FIG. 17 is executed.

That is, as illustrated in FIG. 18, when the parameter:
Hnoref(x, y) is calculated, the selected pixel of the PL pixel
that is selected as the reflection detection processing object
calculates the parameter: Hnoref(x, y) by applying the filter 0,
in the case of xidx (x)=0, 2, as illustrated in FIG. 18(b1).

FIG. 18(b1) illustrates filter application processing when
the selected pixel is the R pixel shown by a dotted circle.

In this case, the pixel values of the R pixel, the three left
pixels, and the three right pixels are multiplied with each
coefficient of the filter 0, the pixel values are added, and the
parameter: Hnoref(x, y) is calculated.

In addition, the selected pixel of the PL pixel that is
selected as the reflection detection processing object calcu-
lates the parameter: Hnoref(x, y) by applying the filter 1, in
the case of xidx(x)=1, 3, as illustrated in FIG. 18(b2).

FIG. 18(b2) illustrates filter application processing when
the selected pixel is the G pixel shown by a dotted circle.

In this case, the pixel values of the G pixel, the three left
pixels, and the three right pixels are multiplied by each coef-
ficient of the filter 1, the pixel values are added, and the
parameter: Hnoref(x, y) is calculated.

Next, processing of c. calculation of parameters: ref(x, y)
and noref(x, y) will be described with reference to FIG. 19.

The parameters: ref(x, y) and noref(x, y) are calculated by
the following expressions.

In the case of yidx(y)=2, ref(x, y)=Href(x, y)+H (ref(x,
y+1) and noref(x, y)=Hnoref(x, y)+Hnoref(x, y+1)

In the case of yidx(y)=3, ref(x, y)=Href(x, y-1)+H (ref(x,
y)) and noref(x, y)=Hnoref(x, y-1)+Hnoref(x, y)

FIG. 19 (reference diagram) illustrates the calculation pro-
cessing example of ref (X, y)=Href(x, y)+H (ref(x, y+1)) in the
case of yidx(y)=2.

The sum of the value of Href in the two rows of the PL
pixels is calculated and ref(x, y) is calculated.

Next, determination processing of d. a reflection presence
determination result: refDetect(X, y) will be described with
reference to FIG. 20.

The determination processing of d. a reflection presence
determination result: refDetect(X, y) is executed as the deter-
mination processing based on the parameters: ref(x, y) and
noref(x, y) described with reference to FIG. 19.

Specifically, as illustrated in FIG. 20, when a conditional
expression of any one of ref(X, y)=noref(x, y), ref(X, y)=noref
(X, y+2), ref(x, y)=ref(x, y+2), ref(x, y)=noref(x, y-2), and
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ref(x, y)=noref(x, y-2), is realized, refDetect(x, y)~false, that
is, it is determined that there is no reflection in the pixel.

When none of the conditional expressions is realized, ref-
Detect(x, y)=true, that is, it is determined that there is reflec-
tion in the pixel.

The reflection detecting unit 103 illustrated in FIG. 9
executes the processing described with reference to FIGS. 17
to 20 with respect to each of the PL pixels and determines
whether the reflection light is included with respect to the PL,
pixel. The reflection detecting unit 103 generates reflection
light presence information corresponding to the PL pixel as
the reflection information 123 illustrated in FIG. 9 and out-
puts the information to the interpolation processing unit 104.
(Specific Example of Processing of Interpolation Processing
Unit 104)

Next, a specific example of the interpolation processing
that is executed by the interpolation processing unit 104 illus-
trated in FIG. 9 will be described with reference to FIGS. 21
and 22.

This processing corresponds to the processing of step S106
in the flowchart of FIG. 10.

The interpolation processing unit 104 receives the bright-
ness correction image 121 that is generated by the brightness
correcting unit 101, the gradient information 122 that is gen-
erated by the gradient detecting unit 102, and the reflection
information 123 that is detected by the reflection detecting
unit 103, as described with reference to FIG. 9.

The interpolation processing unit 104 executes pixel inter-
polation processing as correction processing of the pixel
value of the PL pixel region. When the interpolation process-
ing unit 104 executes the interpolation processing, the inter-
polation processing unit 104 uses the gradient information
122 generated by the gradient detecting unit 102 and the
reflection information 123 detected by the reflection detect-
ing unit 103 and executes the interpolation processing accord-
ing to an interpolation aspect determined according to the
information.

As the result of the interpolation processing, the 2D-Raw
image 62 that is the output of the image correcting unit 100
illustrated in FIG. 8 is generated.

FIGS. 21 and 22 are flowcharts illustrating sequences of
the interpolation processing that is executed by the interpo-
lation processing unit 104.

The processing of each step of the flowcharts illustrated in
FIGS. 21 and 22 will be described.

First, in step S171, the interpolation processing unit 104
sequentially selects the processing object pixels from the PL.
pixels becoming the interpolation processing objects.

Next, the interpolation processing unit 104 sequentially
executes the processing of step S172 and the following pro-
cessing.

In step S172, the interpolation processing unit 104
executes analysis processing of reflection information corre-
sponding to one PL pixel selected as the interpolation pro-
cessing object, that is, the reflection information 123 gener-
ated by the reflection detecting unit 103 illustrated in FIG. 9.

Specifically, the interpolation processing unit 104 deter-
mines whether reflection light is included in a pixel value of
the one PL pixel selected as the interpolation processing
object.

In step S173, when it is determined that the reflection light
is included in the selected pixel, the processing proceeds to
step S174.

In step S173, when it is determined that the reflection light
is not included in the selected pixel, the processing ends
without executing the interpolation processing. In this case,
with respect to the PL pixel not including the reflection light,
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the PL pixel in which the brightness is corrected by the
brightness correcting unit 101 is output.

Meanwhile, in step S173, when it is determined that the
reflection light is included in the selected pixel, the process-
ing proceeds to step S174 and the interpolation processing in
which the N pixel is applied as the reference pixel is executed.

In step S174, the interpolation processing unit 104
executes analysis processing of the gradient information cor-
responding to the one PL pixel selected as the interpolation
processing object, that is, the gradient information 122 gen-
erated by the gradient detecting unit 102. Specifically, the
interpolation processing unit 104 executes comparison pro-
cessing of the three gradient coefficients of the vertical gra-
dient coefficient: Vgrad, the upward sloping gradient coeffi-
cient: Agrad, and the downward sloping gradient coefficient:
Dgrad that are included in the gradient information 122 gen-
erated by the gradient detecting unit 102. The interpolation
processing unit 104 compares the gradient coefficients and
selects a direction (Dir) having a high correlation.

The direction in which the gradient coefficient is large is a
direction in which a change rate of the pixel value is high.

The interpolation processing unit 104 compares the three
gradient coefficients and selects a direction in which the
gradient coefficient is smallest as the direction (Dir) having
the high correlation.

The direction (Dir) that has the high correlation corre-
sponds to a direction in which a change rate of the pixel value
is small, that is, an edge direction.

Next, in step S175, the interpolation processing unit 104
determines whether the upward sloping gradient coefficient:
Agrad is smallest and the correlation of the upward sloping
direction is highest on the basis of the comparison of the three
gradient coefficients of the vertical gradient coefficient:
Vgrad, the upward sloping gradient coefficient: Agrad, and
the downward sloping gradient coefficient: Dgrad.

In step S175, when it is determined that the correction of
the upward sloping direction is highest, the processing pro-
ceeds to step S177.

In other cases, the processing proceeds to step S176.

When it is determined that the correlation of the upward
sloping direction is highest in step S175, and the processing
proceeds to step S177, in step S177, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the upward sloping direction, with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the upward sloping direction of the
selected interpolation object pixels (PL pixels) as the refer-
ence pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

Meanwhile, in step S175, when it is determined that the
correlation of the upward sloping direction is not highest, the
processing proceeds to step S176. In step S176, the interpo-
lation processing unit 104 determines whether the downward
sloping gradient coefficient: Dgrad is smallest and the corre-
lation of the downward sloping direction is highest on the
basis of the comparison of the three gradient coefficients of
the vertical gradient coefficient: Vgrad, the upward sloping
gradient coefficient: Agrad, and the downward sloping gradi-
ent coefficient: Dgrad.
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In step S176, when it is determined that the correlation of
the downward sloping direction is highest, the processing
proceeds to step S178.

In other cases, the processing proceeds to step S179.

When it is determined that the correlation of the upward
sloping direction is highest in step S176 and the processing
proceeds to step S178, in step S178, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the downward sloping direction with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the upward sloping direction of the
selected interpolation object pixels (PL pixels) as the selected
pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

In step S176, when it is determined that the correlation of
the upward sloping direction is not highest, the processing
proceeds to step S179.

In step S179, the interpolation processing unit 104
executes the interpolation processing using the reference pix-
els of the vertical direction, with respect to the selected inter-
polation object pixels (PL pixels). The pixels that are selected
as the reference pixels are pixels that have the same colors as
the selected interpolation object pixels (PL pixels) and are the
N pixels (non-polarization pixels) that are closest to the inter-
polation object pixels (PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the vertical direction of the selected
interpolation object pixels (PL pixels) as the reference pixels
and executes the linear interpolation processing to which the
pixel values of the reference pixels are applied.

The interpolation processing example with respect to the
image photographed in the 2D image photographing mode
has been described.

For a summary of the interpolation processing, the process-
ing that is executed by the image correcting unit 100 illus-
trated in FIGS. 8 and 9 can be summarized as follows.

(a) Correction of the brightness of the PL pixel and the pixel
adjacent to the PL pixel with the same brightness level as the
N pixel not adjacent to the PL. pixel

(b) Detection of the gradient information corresponding to
each PL pixel becoming the interpolation processing object
(c) Detection of reflection information on whether reflection
light is included in each PL pixel becoming the interpolation
processing object

(d) Output of the PL pixel in which the brightness correction
and the interpolation processing using the N pixels of the
direction having the high correlation selected from the three
directions of the vertical direction, the upward sloping direc-
tion, and the downward sloping direction as the reference
pixels are performed, when the PL pixel becoming the inter-
polation processing object includes the reflection light

(e) Output of the PL pixel in which the brightness correction
is performed, when the PL pixel becoming the interpolation
processing object does not include the reflection light

The image correcting unit 100 generates the interpolation
image, that is, the interpolation image (2D-Raw image) 62
illustrated in FIG. 8, by the processing.
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[2-(2). Interpolation Processing Example 1 with respect to
Image Photographed in 3D Image Photographing Mode]

Next, the interpolation processing example 1 with respect
to the image photographed in the 3D image photographing
mode will be described.

As described above with reference to FIG. 7, the imaging
apparatus 10 has a configuration in which a photographing
mode of the image can be switched into a 2D mode to pho-
tograph a 2D image and a 3D mode to photograph a left eye
image and a right eye image to be applicable to display of a
three-dimensional image.

As illustrated in FIGS. 7A and 7B, the first polarizing unit
12 is set to the optical path in the 3D mode and the first
polarizing unit 12 is removed from the optical path in the 2D
mode.

When an image is photographed in the 3D mode, the fol-
lowing images are photographed in the PL pixels (polariza-
tion pixels), as described above.

The left eye image (image viewed from the center of grav-
ity point 31 of FIG. 1B) is photographed in the vertical polar-
ization pixel and the right eye image (image viewed from the
center of gravity point 32 of FIG. 1B) is photographed in the
horizontal polarization pixel. In the N pixel (non-polarization
pixel), which is the total transmission pixel, an image viewed
from the center of the lens (image viewed from the center
point 33 of FIG. 1B) is photographed.

The interpolation processing example to be described
below is an example of interpolation processing that is
executed in the image correcting unit 100 with respect to the
image photographed in the 3D mode.

In this embodiment, the entire configuration of the imaging
apparatus is the same as the configuration illustrated in FIGS.
1A to 1C and the configuration of the image processing unit
17 is the same as the configuration illustrated in FIG. 8.

The configuration of the image correcting unit 100 of the
image processing unit 17 is the same as the configuration
illustrated in FI1G. 9 that has already been described in 2-(1).
Interpolation Processing Example with respect to Image Pho-
tographed in 2D Image Photographing Mode.

As illustrated in FIG. 9, the image correcting unit 100
includes a brightness correcting unit 101, a gradient detecting
unit 102, a reflection detecting unit 103, and an interpolation
processing unit 104.

As described above, the image correcting unit 100 receives
the total pixel signal 81 from the polarization pixel separating
unit 51 illustrated in FIG. 8.

That is, the image correcting unit 100 receives the N pixel
(non-polarization pixel) signal configured by the total trans-
mission pixels and the PL pixel (polarization pixel) signal.

In this embodiment, the processing that is executed by the
brightness correcting unit 101, the gradient detecting unit
102, and the reflection detecting unit 103 of the image cor-
recting unit 100 becomes the same processing as the process-
ing already described in 2-(1). Interpolation Processing
Example with respect to Image Photographed in 2D Image
Photographing Mode.

That is, (a) the brightness correcting unit 101 executes the
brightness correction processing for correcting the brightness
of'the PL pixel and the pixel adjacent to the PL pixel with the
same brightness level as the N pixel not adjacent to the PL,
pixel.

(b) The gradient detecting unit 102 executes the detection of
the gradient information corresponding to each PL pixel
becoming the interpolation processing object.
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(c) The reflection detecting unit 103 executes the detection of
the reflection information on whether the reflection light is
included in each PL pixel becoming the interpolation pro-
cessing object.

The processing described above becomes the same pro-
cessing as the processing already described in 2-(1). Interpo-
lation Processing Example with respect to Image Photo-
graphed in 2D Image Photographing Mode.

The processing in the interpolation processing unit 104
becomes processing that is different from the processing
already described (processing described with reference to
FIGS. 20 and 21).

FIG. 23 is a flowchart illustrating a sequence of processing
that is executed by the image correcting unit 100 according to
this embodiment.

In step S201, the image correcting unit 100 receives an
image S (Raw image) that is photographed in the 3D mode
(setting of the first polarizing unit).

The processing of steps S202 to S205 to be described
below becomes the same processing as the processing of steps
S102 to S105 already described with reference to FIG. 10 in
2-(1). Interpolation Processing Example with respect to
Image Photographed in 2D Image Photographing Mode.

That is, in step S202, the image correcting unit 100 gener-
ates a brightness correction image T by the brightness cor-
rection processing of the PL. pixel region and the PL pixel
peripheral area.

This processing is the processing that is executed by the
brightness correcting unit 101 illustrated in FIG. 9.

Next, in step S203, the image correcting unit 100 detects
the image gradient (edge direction) on the basis of the bright-
ness correction image T.

This processing is the processing that is executed by the
gradient detecting unit 102 illustrated in FIG. 9.

Next, in step S204, the image correcting unit 100 detects
whether there is reflection light on the basis of the brightness
correction image.

This processing is the processing that is executed by the
reflection detecting unit 103 illustrated in FIG. 9.

In step S205, with respect to the pixel (PL pixel) in which
it is determined that the reflection light is detected, the image
correcting unit 100 executes the correction processing, spe-
cifically, the interpolation processing using the peripheral N
pixels as the reference pixels, in step S206.

The interpolation processing in step S206 is executed by
determining setting directions of the reference pixels accord-
ing to gradient information of three directions of a vertical
direction, an upward sloping direction, and a downward slop-
ing direction, among the gradient information generated by
the gradient detecting unit 102. Specifically, the N pixels of
the specific direction in which the gradient is small, that is, in
which the pixel value change is small, are selected as the
reference pixels and the interpolation processing using the
pixel values of the specific direction, for example, the linear
interpolation processing, is executed.

This processing becomes the same processing as the pro-
cessing of step S106 already described with reference to FIG.
10 in 2-(1). Interpolation Processing Example with respect to
Image Photographed in 2D Image Photographing Mode.

In step S205, with respect to the pixel (PL pixel) in which
it is determined that the reflection light is not detected, the
image correcting unit 100 executes the correction processing,
specifically, the interpolation processing using the peripheral
N pixels as the reference pixels, in step S207.

The interpolation processing in step S207 is executed by
determining setting directions of the reference pixels accord-
ing to the gradient information of four directions of a vertical
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direction, an upward sloping direction, a downward sloping
direction, and a horizontal direction, among the gradient
information generated by the gradient detecting unit 102.
Specifically, the N pixels of the specific direction in which the
gradient is small, that is, in which the pixel value change is
small, are selected as the reference pixels and the interpola-
tion processing using the pixel value of the specific direction,
for example, the linear interpolation processing, is executed.

In the processing described with reference to FIG. 10 in
2-(1). Interpolation Processing Example with respect to
Image Photographed in 2D Image Photographing Mode, the
pixels in which the brightness is corrected are used as the
output pixels without executing the interpolation processing
with respect to the PL pixel in which the reflection light is not
detected.

However, in this embodiment, with respect to the PL pixel
in which the reflection light is not detected, the reference
pixels are determined according to the gradient information
and the interpolation processing using the pixel values of the
reference pixels is executed.

This point is different from the previous processing
example.

That is, the interpolation processing aspect that is executed
in the interpolation processing unit 104 is different.

The interpolation processing that is executed by the inter-
polation processing unit 104 will be described with reference
to flowcharts illustrated in FIGS. 24 to 26.

The interpolation processing unit 104 receives the bright-
ness correction image 121 that is generated by the brightness
correcting unit 101, the gradient information 122 that is gen-
erated by the gradient detecting unit 102, and the reflection
information 123 that is detected by the reflection detecting
unit 103, as described with reference to FIG. 9.

The interpolation processing unit 104 executes pixel inter-
polation processing as correction processing of the pixel
value of the PL pixel region. When the interpolation process-
ing unit 104 executes the interpolation processing, the inter-
polation processing unit 104 uses the gradient information
122 generated by the gradient detecting unit 102 and the
reflection information 123 detected by the reflection detect-
ing unit 103 and executes the interpolation processing accord-
ing to an interpolation aspect determined according to the
information.

As the result of the interpolation processing, the 2D-Raw
image 62 that is the output of the image correcting unit 100
illustrated in FIG. 8 is generated.

The processing of each step of the flowcharts that are
illustrated in FIGS. 24 to 26 will be described.

First, in step S221, the interpolation processing unit 104
sequentially selects the processing object pixels from the PL.
pixels becoming the interpolation processing objects.

Next, the processing of step S222 and the following pro-
cessing are sequentially executed with respect to the selected
pixels.

In step S222, the interpolation processing unit 104
executes analysis processing of the reflection information
corresponding to one PL pixel selected as the interpolation
processing object, that is, the reflection information 123 gen-
erated by the reflection detecting unit 103 illustrated in FIG.
9.

Specifically, the interpolation processing unit 104 deter-
mines whether reflection light is included in a pixel value of
the one PL pixel selected as the interpolation processing
object.

In step S223, when it is determined that the reflection light
is included in the selected pixel, the processing proceeds to
step S224.
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In step S223, when it is determined that the reflection light
is not included in the selected pixel, the processing proceeds
to step S241.

The interpolation processing of step S224 and the follow-
ing steps when it is determined that the reflection light is
included in the selected pixel becomes the same processing as
the processing already described with reference to FIGS. 21
and 22 in 2-(1). Interpolation Processing Example with
respect to Image Photographed in 2D Image Photographing
Mode.

That is, in step S223, when it is determined that the reflec-
tion light is included in the selected pixel, the processing
proceeds to step S224 and the interpolation processing unit
104 executes analysis processing of the gradient information
corresponding to the one PL pixel selected as the interpola-
tion processing object, that is, the gradient information 122
generated by the gradient detecting unit 102. Specifically, the
interpolation processing unit 104 executes comparison pro-
cessing of the three gradient coefficients of the vertical gra-
dient coefficient: Vgrad, the upward sloping gradient coeffi-
cient: Agrad, and the downward sloping gradient coefficient:
Dgrad that are included in the gradient information 122 gen-
erated by the gradient detecting unit 102. The interpolation
processing unit 104 compares the gradient coefficients and
selects the direction (Dir) having the high correlation.

The direction in which the gradient coefficient is large is a
direction in which a change rate of the pixel value is high.

The interpolation processing unit 104 compares the three
gradient coefficients and selects the direction in which the
gradient coefficient is smallest as the direction (Dir) having
the high correlation.

The direction (Dir) that has the high correlation corre-
sponds to a direction in which a change rate of the pixel value
is small, a so-called edge direction.

Next, in step S225, the interpolation processing unit 104
determines whether the upward sloping gradient coefficient:
Agrad is smallest and the correlation of the upward sloping
direction is highest on the basis of the comparison of the three
gradient coefficients of the vertical gradient coefficient:
Vgrad, the upward sloping gradient coefficient: Agrad, and
the downward sloping gradient coefficient: Dgrad.

In step S225, when it is determined that the correction of
the upward sloping direction is highest, the processing pro-
ceeds to step S227.

In other cases, the processing proceeds to step S226.

When it is determined that the correlation of the upward
sloping direction is highest in step S225 and the processing
proceeds to step S227, in step S227, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the upward sloping direction, with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the upward sloping direction of the
selected interpolation object pixels (PL pixels) as the refer-
ence pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

Meanwhile, in step S225, when it is determined that the
correlation of the upward sloping direction is not highest, the
processing proceeds to step S226. In step S226, the interpo-
lation processing unit 104 determines whether the downward
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sloping gradient coefficient: Dgrad is smallest and the corre-
lation of the downward sloping direction is highest on the
basis of the comparison of the three gradient coefficients of
the vertical gradient coefficient: Vgrad, the upward sloping
gradient coefficient: Agrad, and the downward sloping gradi-
ent coefficient: Dgrad.

In step S226, when it is determined that the correlation of
the downward sloping direction is highest, the processing
proceeds to step S228.

In other cases, the processing proceeds to step S229.

When it is determined that the correlation of the downward
sloping direction is highest in step S226 and the processing
proceeds to step S228, in step S228, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the downward sloping direction with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the downward sloping direction of the
selected interpolation object pixels (PL pixels) as the refer-
ence pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

In step S226, when it is determined that the correlation of
the downward sloping direction is not highest, the processing
proceeds to step S229.

In step S229, the interpolation processing unit 104
executes the interpolation processing using the reference pix-
els of the vertical direction with respect to the selected inter-
polation object pixels (PL pixels). The pixels that are selected
as the reference pixels are pixels that have the same colors as
the selected interpolation object pixels (PL pixels) and are at
least the N pixels (non-polarization pixels) that are closest to
the interpolation object pixels (PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the vertical direction of the selected
interpolation object pixels (PL pixels) as the reference pixels
and executes the linear interpolation processing to which the
pixel values of the reference pixels are applied.

Next, processing when it is determined that the reflection
light is not included in the PL pixel as the interpolation object
pixel in step S223 of the flow illustrated in FIG. 24 and the
processing proceeds to step S241 will be described.

This processing corresponds to the processing of step S207
of the flow illustrated in FIG. 23, that is, the interpolation
processing when it is determined that the reflection light is not
included in the PL pixel as the interpolation object pixel.

In step S241 of the flow illustrated in FIG. 24, the interpo-
lation processing unit 104 executes analysis processing of the
gradient information corresponding to one PL pixel selected
as the interpolation processing object, that is, the gradient
information 122 generated by the gradient detecting unit 102.
Specifically, the interpolation processing unit 104 executes
comparison processing of the four gradient coefficients of the
vertical gradient coefficient: Vgrad, the upward sloping gra-
dient coefficient: Agrad, the downward sloping gradient coef-
ficient: Dgrad, and the horizontal gradient coefficient: Hgrad
that are included in the gradient information 122 generated by
the gradient detecting unit 102. The interpolation processing
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unit 104 compares the gradient coefficients and selects the
direction (Dir) having the high correlation.

The direction in which the gradient coefficient is large is a
direction in which a change rate of the pixel value is high.

The interpolation processing unit 104 compares the four
gradient coefficients and selects the direction in which the
gradient coefficient is smallest as the direction (Dir) having
the high correlation.

The direction (Dir) that has the high correlation corre-
sponds to a direction in which a change rate of the pixel value
is small, that is, an edge direction.

Next, in step S242 illustrated in FIG. 26, the interpolation
processing unit 104 determines whether the upward sloping
gradient coefficient: Agrad is smallest and the correlation of
the upward sloping direction is highest on the basis of the
comparison of the four gradient coefficients of the vertical
gradient coefficient: Vgrad, the upward sloping gradient coef-
ficient: Agrad, the downward sloping gradient coefficient:
Dgrad, and the horizontal gradient coefficient: Hgrad.

In step S242, when it is determined that the correlation of
the downward sloping direction is highest, the processing
proceeds to step S251.

In other cases, the processing proceeds to step S243.

When it is determined that the correlation of the upward
sloping direction is highest in step S242 and the processing
proceeds to step S251, in step S251, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the upward sloping direction with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the upward sloping direction of the
selected interpolation object pixels (PL pixels) as the refer-
ence pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

Meanwhile, in step S242, when it is determined that the
correlation of the upward sloping direction is not highest, the
processing proceeds to step S243.

In step S243, the interpolation processing unit 104 deter-
mines whether the downward sloping gradient coefficient:
Dgrad is smallest and the correlation of the downward sloping
direction is highest on the basis of the comparison of the four
gradient coefficients of the vertical gradient coefficient:
Vgrad, the upward sloping gradient coefficient: Agrad, the
downward sloping gradient coefficient: Dgrad, and the hori-
zontal gradient coefficient: Hgrad.

In step S243, when it is determined that the correlation of
the downward sloping direction is highest, the processing
proceeds to step S252.

In other cases, the processing proceeds to step S244.

When it is determined that the correlation of the upward
sloping direction is highest in step S243 and the processing
proceeds to step S252, in step S252, the interpolation pro-
cessing unit 104 executes the interpolation processing using
the reference pixels of the downward sloping direction with
respect to the selected interpolation object pixels (PL pixels).
The pixels that are selected as the reference pixels are pixels
that have the same colors as the selected interpolation object
pixels (PL pixels) and are at least the N pixels (non-polariza-
tion pixels) that are closest to the interpolation object pixels
(PL pixels).
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Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the downward sloping direction of the
selected interpolation object pixels (PL pixels) as the refer-
ence pixels and executes the linear interpolation processing to
which the pixel values of the reference pixels are applied.

In step S243, when it is determined that the correlation of
the downward sloping direction is not highest, the processing
proceeds to step S244. In step S244, the interpolation pro-
cessing unit 104 determines whether the vertical gradient
coefficient: Vgrad is smallest and the correlation of the ver-
tical direction is highest, on the basis of the comparison of the
four gradient coefficients of the vertical gradient coefficient:
Vgrad, the upward sloping gradient coefficient: Agrad, the
downward sloping gradient coefficient: Dgrad, and the hori-
zontal gradient coefficient: Hgrad.

In step S244, when it is determined that the correlation of
the vertical direction is highest, the processing proceeds to
step S253.

In other cases, the processing proceeds to step S254.

When it is determined that the correlation of the vertical
direction is highest in step S244 and the processing proceeds
to step S253, in step S253, the interpolation processing unit
104 executes the interpolation processing using the reference
pixels of the vertical direction with respect to the selected
interpolation object pixels (PL pixels). The pixels that are
selected as the reference pixels are pixels that have the same
colors as the selected interpolation object pixels (PL pixels)
and are at least the N pixels (non-polarization pixels) that are
closest to the interpolation object pixels (PL pixels).

Specifically, the interpolation processing unit 104 selects
the two or more pixels having the same color in the upper N
pixel region and the lower N pixel region of the PL pixel
region along the line of the vertical direction of the selected
interpolation object pixels (PL pixels) as the reference pixels
and executes the linear interpolation processing to which the
pixel values of the reference pixels are applied.

In step S244, when it is determined that the correlation of
the vertical direction is not highest, the processing proceeds
to step S254. That is, this case is in which it is determined that
the correction of the horizontal direction is highest.

In step S254, the interpolation processing unit 104
executes the interpolation processing using the reference pix-
els of the horizontal direction with respect to the selected
interpolation object pixels (PL pixels). The pixels that are
selected as the reference pixels are the PL pixels that have the
same colors as the selected interpolation object pixels (PL
pixels).

A specific example of the interpolation processing of the
horizontal direction will be described with reference to FIG.
27.

FIG. 27 illustrates an example of an expression to calculate
aninterpolation pixel value: Lerp(x, y) of the PL pixel becom-
ing the interpolation object pixel by linear interpolation and a
linear filter applied to the linear interpolation.

The interpolation pixel value: Lerp(x, y) of the PL pixel(x,
y) that becomes the interpolation object pixel is calculated by
the following expression.

Lerp(x,y)=((x+2,y)+2(xy)+(x-2,3))/4

This expression is an expression to calculate the interpola-
tion pixel value by adding the pixel value of the interpolation
object pixel and the pixel values of the pixels positioned at the
left and right sides of the interpolation object pixel, closest to
the interpolation object pixel, and having the same color after
setting the weight of 1:2:1.
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As can be understood from the filter setting example of
FIG. 27, when the interpolation processing of the G pixel of
the vertical polarization region is executed, the pixel values of
the G pixels of the left and right horizontal polarization
regions are used as the pixel values of the reference pixels.

That is, in this processing example, when the interpolation
of the horizontal direction of the PL pixel is executed, the
interpolation using the right eye pixel as the reference pixel is
executed in the case of the interpolation of the left eye pixel
and the interpolation using the left eye pixel as the reference
pixel is executed in the case of the interpolation of the right
eye pixel.

The interpolation of the horizontal direction is executed
when the reflection light is not included and the change rates
of the pixel values of the horizontal direction are lower than
the change rates of the pixel values of the other directions and
when it is determined that the correction of the horizontal
direction is high.

Because the reflection light is not included and it is deter-
mined that the difference of the pixel values between the
pixels having the different polarization directions is small, the
possibility of incorrectly setting the pixel values is low, even
when the processing is executed using the pixels of the dif-
ferent polarization directions as the reference pixels.

The interpolation processing example 1 with respect to the
image photographed in the 3D image photographing mode
has been described.

For a summary of the interpolation processing, the process-
ing that is executed by the image correcting unit 100 illus-
trated in FIGS. 8 and 9 can be summarized as follows.

(a) Correction of the brightness of the PL pixel and the pixel
adjacent to the PL pixel with the same brightness level as the
N pixel not adjacent to the PL. pixel

(b) Detection of the gradient information corresponding to
each PL pixel becoming the interpolation processing object
(c) Detection of reflection information on whether reflection
light is included in each PL pixel becoming the interpolation
processing object

(d) Output of the PL pixel in which the brightness correction
and the interpolation processing using the N pixels of the
direction having the high correlation to be selected from the
three directions of the vertical direction, the upward sloping
direction, and the downward sloping direction as the refer-
ence pixels are performed, when the PL pixel becoming the
interpolation processing object includes the reflection light
(e) Output of the PL pixel in which the brightness correction
and the interpolation processing using the N pixels of the
direction having the high correlation to be selected from the
four directions of the vertical direction, the upward sloping
direction, the downward sloping direction, and the horizontal
direction as the reference pixels are performed, when the PL.
pixel becoming the interpolation processing object does not
include the reflection light

The image correcting unit 100 generates the interpolation
image, that is, the interpolation image (2D-Raw image) 62
illustrated in FIG. 8, by the processing.

[2-(3). Interpolation Processing Example 2 with respect to
Image Photographed in 3D Image Photographing Mode]

Next, the interpolation processing example 2 with respect
to the image photographed in the 3D image photographing
mode will be described.

The interpolation processing example to be described
below is an example of interpolation processing that is
executed in the image correcting unit 100 with respect to the
image photographed in the 3D mode.

In this embodiment, the entire configuration of the imaging
apparatus is the same as the configuration illustrated in FIGS.
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1A to 1C and the configuration of the image processing unit
17 is the same as the configuration illustrated in FIG. 8.

The configuration of the image correcting unit 100 of the
image processing unit 17 is the same as the configuration
illustrated in FIG. 9.

As illustrated in FIG. 9, the image correcting unit 100
includes a brightness correcting unit 101, a gradient detecting
unit 102, a reflection detecting unit 103, and an interpolation
processing unit 104.

As described above, the image correcting unit 100 receives
the total pixel signal 81 from the polarization pixel separating
unit 51 illustrated in FIG. 8.

That is, the image correcting unit 100 receives the N pixel
(non-polarization pixel) signal configured by the total trans-
mission pixels and the PL pixel (polarization pixel) signal.

In this embodiment, only the processing of the brightness
correcting unit 100 of the image correcting unit 100 in 2-(2).
Interpolation Processing Example 1 with respect to Image
Photographed in 3D Image Photographing Mode described
above is changed. The other processing, that is, the processing
of each of the gradient detecting unit 102, the reflection
detecting unit 103, and the interpolation processing unit 104,
is the same processing as the processing already described in
2-(2). Interpolation Processing Example 1 with respect to
Image Photographed in 3D Image Photographing Mode.

FIG. 28 is a flowchart illustrating a sequence of processing
that is executed by the image correcting unit 100 according to
this embodiment.

In step S301, the image correcting unit 100 receives an
image S (Raw image) that is photographed in the 3D mode
(setting of the first polarizing unit).

In step S302, the image correcting unit 100 generates a
brightness correction image T by the brightness correction
processing of the PL. pixel region and the PL pixel peripheral
area.

In this processing example, the brightness correction pro-
cessing becomes processing different from the processing
already described in 2-(2). Interpolation Processing Example
1 with respect to Image Photographed in 3D Image Photo-
graphing Mode.

The other processing, that is, the processing of steps S303
to S307, becomes the same processing as the processing of
steps S203 to S207 of the flow illustrated in FIG. 23 that has
already been described as the processing of 2-(2). Interpola-
tion Processing Example 1 with respect to Image Photo-
graphed in 3D Image Photographing Mode.

The detailed configuration of the brightness correction pro-
cessing of step S302 in this processing example will be
described with reference to FIGS. 29 and 30.

A flowchart illustrated in FIG. 29 is a flowchart illustrating
a detailed sequence of the brightness correction processing of
step S302 of the flow illustrated in FIG. 28.

The processing of each step will be described.

First, in step S321, the brightness correcting unit 101 of the
image correcting unit 100 illustrated in FIG. 9 selects one of
the PL pixels and the PL pixel adjacent pixels that become the
brightness correction objects.

In this processing example, the brightness correction
object pixels are the PL pixels and the PL pixel adjacent
pixels, similar to the processing example described above.

In step S322, the brightness correcting unit 101 selects the
pixels having the same color and the same adjacent pixel
setting condition as the reference pixels from the peripheral
region of the pixel(x, y) selected as the brightness correction
object.

A specific example of the pixel selection will be described
with reference to FIG. 30.
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FIG. 30 illustrates an example of reference pixels 311 to
316 when a G pixel 301 in the PL pixel region is selected as
the brightness correction object pixel.

The reference pixels 311 to 316 are pixels that have the
same color and the same adjacent pixel setting condition as
the G pixel 301 selected as the brightness correction object.

All of the reference pixels 311 to 316 are vertical polariza-
tion pixels of the G pixels and are pixels in which setting of
the eight peripheral pixels is the same.

These pixels are selected as the reference pixels.

Next, in step S323, gain (PGain) based on the difference
(ratio) of the pixel values with the two upper and lower N
pixels is calculated with respect to each of the selected refer-
ence pixels. Processing for calculating the gain (PGain) is the
same processing as the processing for calculating the gain
already described with reference to FIG. 14 (reference dia-
gram).

In the processing that has already been described with
reference to FIG. 14, only the gain that corresponds to one
interpolation object pixel is calculated. However, in this pro-
cessing example, seven gains (PGain) that correspond to a
total of seven pixels including the interpolation object pixel
and the six reference pixels having the same condition posi-
tioned around the interpolation object pixel are calculated.

Next, in step S324, a center value (median value) is calcu-
lated from the seven gains (PGain) corresponding to the total
of'seven pixels including the interpolation object pixel and the
six reference pixels having the same condition positioned
around the interpolation object pixel, which are calculated in
step S323.

The center value is used as adaptive gain (AGain).

Finally, in step S325, the pixel value [S(x, y)| of the cor-
rection object pixel is multiplied by the adaptive gain (PGain)
and the brightness correction pixel value is calculated.

This processing is executed with respect to all of the PL,
pixels and the PL pixel adjacent pixels, the brightness correc-
tion is performed, the obtained values are set as the pixel
values of the PL pixels and the PL pixel adjacent pixels, and
the brightness correction image T is generated.

In this processing example, when the brightness of the PL,
pixels and the PL pixel adjacent pixels is corrected, the gains
according to the pixel value ratios (brightness ratios) of the
reference pixels and the peripheral N pixels are calculated by
referring to the correction object pixel and the plurality of
pixels having the same condition positioned around the cor-
rection object pixel and the center value of the plurality of
gains is finally calculated as the gain applied to the brightness
correction of the interpolation pixel.

By this processing, even when an error is generated in the
interpolation pixel or the N pixels around the interpolation
pixel, the brightness correction in which an influence of the
error is decreased can be performed.

[2-(4) Interpolation Processing Example 3 with respect to
Image Photographed in a 3D Image Photographing Mode]|

Next, the interpolation processing example 3 with respect
to the image photographed in the 3D image photographing
mode will be described.

In the interpolation processing examples with respect to
the image photographed in the 3D image photographing
mode, that is, the interpolation processing example 1 with
respect to the image photographed in the 3D image photo-
graphing mode and the interpolation processing example 2
with respect to the image photographed in the 3D image
photographing mode, the processing with respect to the pho-
tographed image when the setting of the second polarizing
unit 15 is the region setting described with reference to FIG.
11 is executed.
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That is, the PL pixel (polarization pixel) regions of the two
rows in which the vertical polarization region 15V and the
horizontal polarization region 15H are set and are alternately
arranged in units of rectangular regions including the four
pixels of 2x2 and the N pixel (non-polarization pixel) regions
15A, which are the total transmission pixels of the fourteen
rows, are repetitively arranged in the vertical direction (Y
direction).

The image processing apparatus according to the present
disclosure can be applied to the image to which the polariza-
tion region is set and an image to which another polarization
region is set.

For example, a configuration illustrated in FIG. 31 may be
used as the setting of the polarization region.

That is, PL pixel (polarization pixel) regions of four rows in
which the vertical polarization region 15V and the horizontal
polarization region 15H are set and are alternately arranged in
unit of rectangular regions including sixteen pixels of 4x4 and
the N pixel (non-polarization pixel) regions 15A, which are
the total transmission pixels of twenty eight rows, are repeti-
tively arranged in the vertical direction (Y direction).

For example, the image correcting unit 100 illustrated in
FIGS. 8 and 9 can apply the same processing as the process-
ing example described above to the photographed image hav-
ing the polarization region of the above setting and execute
the interpolation processing of the PL pixels.

Specifically, the following processing is executed.

(a) Correction of the brightness of the PL pixel and the pixel
adjacent to the PL pixel with the same brightness level as the
N pixel not adjacent to the PL pixel,

(b) Detection of the gradient information corresponding to
each PL pixel becoming the interpolation processing object,
(¢) Detection of reflection information on whether reflection
light is included in each PL pixel becoming the interpolation
processing object,

(d) Output of the PL pixel in which the brightness correction
and the interpolation processing using the N pixels of the
direction having the high correlation to be selected from the
three directions of the vertical direction, the upward sloping
direction, and the downward sloping direction as the refer-
ence pixels are performed when the PL pixel becoming the
interpolation processing object includes the reflection light,
(e) Output of the PL pixel in which the brightness correction
and the interpolation processing using the N pixels of the
direction having the high correlation to be selected from the
four directions of the vertical direction, the upward sloping
direction, the downward sloping direction, and the horizontal
direction as the reference pixels are performed when the PL
pixel becoming the interpolation processing object does not
include the reflection light.

The image correcting unit 100 generates the interpolation
image, that is, the interpolation image (2D-Raw image) 62
illustrated in FIG. 8, by the processing.

However, as illustrated in FIG. 31, indexes (xindx(x),
yindx(y)) to determine attributes of the pixels are changed
according to the setting change of the polarization region.

FIG. 32 illustrates a setting example of the indexes show-
ing the pixel attributes.

As illustrated in FIG. 32, kinds of the indexes showing the
pixel attributes are as follows.

(1) X Coordinate Attribute (X index) [xidx(x)]

(2) Y Coordinate Attribute (Y index) [yidx(y)]

(3) Viewing Point Attribute (viewing point index) [ep(x, ¥)]
(4) Color Attribute (color index) [color(X, y)]
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A correspondence relation between a value of each
attribute (index) and identification information is as follows.
(1) X Coordinate Attribute (X index) [xidx(x)]
xidx(x)=0, 1, 2, 3: left eye pixels or non-polarization (total
transmission) pixels of column including left eye pixels
xidx(x)=4, 5, 6, 7: right eye pixels or non-polarization (total
transmission) pixels of column including right eye pixels
(2) Y Coordinate Attribute (Y index) [yidx(y)]
yindx (y)=0, 7: non-polarization (total transmission) pixels
apart from polarization pixel (PL pixel)
yindx (y)=1, 6: non-polarization (total transmission) pixels
apart from polarization pixel (PL pixel)
yindx (y)=2, 3, 4, 5: polarization pixels (PL pixels)

(3) Viewing Point Attribute (viewing point index) [ep(x, ¥)]
ex(x, y)=0: total transmission pixel (non-polarization pixel)
ex(x, y)=-1: left eye pixel (vertical polarization pixel)
ex(x, y)=+1: right eye pixel (horizontal polarization pixel)
(4) Color Attribute (color index) [color(X, y)]

Color(x, y)=0: red (R) pixel

Color(x, y)=1: green (G) pixel

Color(x, y)=2: blue (B) pixel

The image correcting unit 100 sets the index to correspond
to the pixel of the input processing object image and executes
processing based on the index information.

The image correcting unit 100 determines the pixel
attributes according to the indexes set according to the setting
of the polarization region, executes each processing of (a) to
(e) described above, and executes the interpolation process-
ing of the PL pixels and the PL pixel adjacent pixels. In this
processing, basic processing is the same even when a setting
aspect of the polarization region is changed in various forms.
However, the pixel positions of the reference pixels or the
filters applied in the filter processing should be changed
appropriately according to the pixel arrangement.

In the interpolation processing that is executed by the inter-
polation processing unit 104 in the image correcting unit 100
illustrated in FIG. 9, a direction of the reference pixels is
selected according to the gradient information and presence
or absence of the reflection light.

When there is reflection light, the direction having the
highest correlation among the directions other than the hori-
zontal direction, that is, applying the PL pixel as the reference
pixel is selected as the reference pixel direction.

When there is no reflection light, the direction having the
highest correlation among the directions including the hori-
zontal direction is selected as the reference pixel direction.

In the embodiment described above, the four directions of
the vertical direction, the horizontal direction, the upward
sloping direction, and the downward sloping direction are set
as the gradient detection directions.

However, only the vertical direction and the horizontal
direction may be set as the gradient detection directions and
the reference direction may be selected from the two direc-
tions on the basis of the reflection information and the gradi-
ent information.

[3. Summary of Configuration of Present Disclosure]

The configuration of the present disclosure has been
described with reference to the specific embodiments. How-
ever, it will be apparent to those skilled in the art that various
modifications and substitutions can be made without depart-
ing from the scope of the present disclosure. Therefore, it
should be understood that the above embodiments are not
limitative in all aspects. The scope of the present disclosure is
defined by the appended claims.
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Additionally, the present technology may also be config-
ured as below.

(1) An image processing apparatus including:

afirst polarizing unit that has a first polarization region and
a second polarization region to transmit different polarized
light corresponding to different viewing point images;

a second polarizing unit that causes transmission light of
the first polarizing unit to be incident and includes a third
polarization region to transmit only the transmission light of
the first polarization region, a fourth polarization region to
transmit only transmission light of the second polarization
region, and a total transmission region to transmit the trans-
mission light of the first polarization region and the second
polarization region;

an imaging element that receives the transmission light of
the second polarizing unit; and

an image processing unit that executes signal processing
with respect to an output signal of the imaging element,

wherein the image processing unit includes:

aparallax detecting unit that applies two different viewing
point images of an image based on the transmission light of
the third polarization region of the second polarizing unit and
an image based on the transmission light of the fourth polar-
ization region of the second polarizing unit and generates
parallax information in which an object distance is reflected;

an image correcting unit that executes correction process-
ing with respect to an input image from the imaging element
and generates a two-dimensional image; and

a parallax image generating unit that applies the parallax
information generated by the parallax detecting unit, executes
image conversion processing of the two-dimensional image
generated by the image correcting unit, and generates a left
eye image and a right eye image for three-dimensional image
display.

(2) The image processing apparatus according to (1),
wherein the image correcting unit includes:

a brightness correcting unit that executes brightness cor-
rection to match brightness of polarization region pixels (PL
pixels) and polarization region pixel adjacent pixels (PL pixel
adjacent pixels), which are pixels corresponding to the third
polarization region and the fourth polarization region of the
second polarizing unit, with brightness of total transmission
region pixels (N pixels) corresponding to the total transmis-
sion region;

a reflection detecting unit that generates reflection infor-
mation, which is determination information on whether a
reflection light component is included in each pixel value, in
units of polarization region pixels (PL pixels);

a gradient detecting unit that generates gradient informa-
tion corresponding to pixel value change rates of a plurality of
directions of peripheral pixels in units of polarization region
pixels (PL pixels); and

an interpolation processing unit that selects reference pix-
els according to the reflection information and the gradient
information, applies pixel values of the selected reference
pixels, and executes pixel value interpolation processing of
the polarization region pixels (PL pixels).

(3) The image processing apparatus according to (1) or (2),

wherein the interpolation processing unit determines a
direction having a high correlation in which a gradient is
small on the basis of gradient information of non-polarization
region pixels (N pixels) becoming interpolation processing
objects, and executes interpolation processing using pixels in
the direction having the high correlation as the reference
pixels.
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(4) The image processing apparatus according to any one of
(1) to (3),

wherein the interpolation processing unit determines a
direction having a high correlation in which a gradient is
small on the basis of gradient information of non-polarization
region pixels (N pixels) becoming interpolation processing
objects, and executes interpolation processing using the non-
polarization region pixels (N pixels) in the direction having
the high correlation as the reference pixels.
(5) The image processing apparatus according to any one of
(1) to (4),

wherein, when reflection information of the polarization
region pixels (PL pixels) becoming interpolation processing
objects shows that there is reflection, the interpolation pro-
cessing unit selects non-polarization region pixels (N pixels)
in a direction having a high correlation as the reference pixels
on the basis of the gradient information, and executes inter-
polation processing to which the selected reference pixels are
applied.
(6) The image processing apparatus according to any one of
(1) to (),

wherein, when reflection information of the polarization
region pixels (PL pixels) becoming interpolation processing
objects shows that there is no reflection, the interpolation
processing unit selects non-polarization region pixels (N pix-
els) in a direction having a high correlation or the polarization
region pixels (PL pixels) as the reference pixels on the basis of
the gradient information, and executes interpolation process-
ing to which the selected reference pixels are applied.
(7) The image processing apparatus according to any one of
(1) to (6),

wherein, in interpolation processing with respect to a pho-
tographed image of a 2D mode photographed in a state in
which the first polarizing unit is removed from an optical
path, the interpolation processing unit outputs a pixel value in
which the brightness is corrected by the brightness correcting
unit, without executing the interpolation processing of the
polarization region pixels (PL pixels), when reflection infor-
mation of the polarization region pixels (PL pixels) becoming
interpolation processing objects shows that there is no reflec-
tion.
(8) The image processing apparatus according to any one of
(1) o (7),

wherein the brightness correcting unit calculates gains cor-
responding to brightness ratios with the total transmission
region pixels (N pixels) around the polarization region pixels
(PL pixels) or the polarization region pixel adjacent pixels
(PL pixel adjacent pixels) becoming brightness correction
objects, multiplies the brightness correction object pixels
with the calculated gains, and executes brightness correction.
(9) The image processing apparatus according to any one of
(1) to (8),

wherein the reflection detecting unit detects a difference of
a pixel value of an imaging element corresponding to a posi-
tion of the third polarization region of the second polarizing
unit and a pixel value of an imaging element corresponding to
a position of the fourth polarization region of the second
polarizing unit and generates reflection information, which is
determination information on whether a reflection light com-
ponent is included in a pixel value of the polarization region
pixel (PL pixel), on the basis of the difference.
(10) The image processing apparatus according to any one of
(1) to (9),

wherein the image correcting unit sets an index showing a
pixel attribute in units of pixels forming an output image from
the imaging element and determines processing according to
the index.
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(11) The image processing apparatus according to any one of
(D to (10),

wherein the index includes a coordinate attribute showing
a pixel position, a viewing point attribute showing a viewing
point position, and a color attribute showing a pixel color.

A method of the processing that is executed in the appara-
tus and a program for executing the processing are included in
the configuration of the present disclosure.

The series of processes described in the present disclosure
can be executed by hardware, software, or a combination of
the hardware and the software. When the series of processes
is executed by the software, a program having a recorded
processing sequence may be installed in a memory in a com-
puter embedded in dedicated hardware and may be executed
or may be installed in a general-purpose computer in which
various processing can be executed and may be executed. For
example, the program may be recorded previously in a
recording medium. The program may be installed from the
recording medium to the computer or the program may be
received through a network such as a local area network
(LAN) and the Internet and may be installed in the recording
medium such as an embedded hard disk.

The various processing described in the present disclosure
may be executed temporally according to the order described
ormay be executed in parallel or individually according to the
processing capability of an apparatus executing the process-
ing or the necessity. In the present disclosure, a system has a
logical set configuration of a plurality of apparatuses and each
apparatus may not be provided in the same casing.

As described above, according to one embodiment of the
present disclosure, a configuration that executes interpolation
processing of a two-dimensional image used for generating
an image to be applied to three-dimensional image display is
provided.

For example, an image processing apparatus according to
the present disclosure includes a first polarizing unit that has
a first polarization region and a second polarization region to
transmit different polarized light corresponding to different
viewing point images, a second polarizing unit thatincludes a
third polarization region to transmit only transmission light of
the first polarization region, a fourth polarization region to
transmit only transmission light of the second polarization
region, and a total transmission region to transmit the total
transmission light of the first polarization region and the
second polarization region, an imaging element, and an
image processing unit that executes signal processing with
respect to an output signal of the imaging element. In this
configuration, the image processing unit executes correction
processing to which presence or absence of reflection light or
gradient information is applied, with respect to an input
image from the imaging element, and generates a two-dimen-
sional image. The image processing unit applies parallax
information generated on the basis of each transmission light
of the third polarization region and the fourth polarization
region, executes image conversion of the two-dimensional
image, and generates a left eye image and a right eye image
for three-dimensional image display.

By this configuration, a two-dimensional image that has a
small error can be generated by interpolation processing
based on the reflection light or the gradient information and a
left eye image and a right eye image for high-definition three-
dimensional image display can be generated by 2D3D con-
version processing based on the two-dimensional image hav-
ing high quality.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
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2011-152885 filed in the Japan Patent Office on Jul. 11,2011,
the entire content of which is hereby incorporated by refer-
ence.
What is claimed is:
1. An image processing apparatus comprising:
a first polarizing unit that has a first polarization region and
a second polarization region to transmit different polar-
ized light corresponding to different viewing point
images;
a second polarizing unit that causes transmission light of
the first polarizing unit to be incident and includes a third
polarization region to transmit only the transmission
light of the first polarization region, a fourth polarization
region to transmit only transmission light of the second
polarization region, and a total transmission region to
transmit the transmission light of the first polarization
region and the second polarization region;
an imaging element that receives the transmission light of
the second polarizing unit; and
an image processing unit that executes signal processing
with respect to an output signal of the imaging element,
wherein the image processing unit includes:
aparallax detecting unit that applies two different view-
ing point images of an image based on the transmis-
sion light of the third polarization region of the second
polarizing unit and an image based on the transmis-
sion light of the fourth polarization region of the sec-
ond polarizing unit and generates parallax informa-
tion in which an object distance is reflected;

an image correcting unit that executes correction pro-
cessing with respect to an input image from the imag-
ing element and generates a two-dimensional image,
wherein the image correcting unit includes:

a brightness correcting unit that executes brightness
correction to match brightness of polarization
region pixels (PL pixels) and polarization region
pixel adjacent pixels (PL pixel adjacent pixels),
which are pixels corresponding to the third polar-
ization region and the fourth polarization region of
the second polarizing unit, with brightness of total
transmission region pixels (N pixels) correspond-
ing to the total transmission region;

a reflection detecting unit that generates reflection
information, which is determination information
on whether a reflection light component is included
in each pixel value, in units of polarization region
pixels (PL pixels);

a gradient detecting unit that generates gradient infor-
mation corresponding to pixel value change rates
of a plurality of directions of peripheral pixels in
units of polarization region pixels (PL pixels); and

an interpolation processing unit that selects reference
pixels according to the reflection information and
the gradient information, applies pixel values of the
selected reference pixels, and executes pixel value
interpolation processing of the polarization region
pixels (PL pixels); and

aparallax image generating unit that applies the parallax
information generated by the parallax detecting unit,
executes image conversion processing of the two-
dimensional image generated by the image correcting
unit, and generates a left eye image and a right eye
image for three-dimensional image display.

2. The image processing apparatus according to claim 1,

wherein the interpolation processing unit determines a
direction having a high correlation in which a gradient is
small on the basis of gradient information of non-polar-
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ization region pixels (N pixels) becoming interpolation
processing objects, and executes interpolation process-
ing using pixels in the direction having the high corre-
lation as the reference pixels.

3. The image processing apparatus according to claim 1,

wherein the interpolation processing unit determines a
direction having a high correlation in which a gradient is
small on the basis of gradient information of non-polar-
ization region pixels (N pixels) becoming interpolation
processing objects, and executes interpolation process-
ing using the non-polarization region pixels (N pixels) in
the direction having the high correlation as the reference
pixels.

4. The image processing apparatus according to claim 1,

wherein, when reflection information of the polarization
region pixels (PL pixels) becoming interpolation pro-
cessing objects shows that there is reflection, the inter-
polation processing unit selects non-polarization region
pixels (N pixels) in a direction having a high correlation
as the reference pixels on the basis of the gradient infor-
mation, and executes interpolation processing to which
the selected reference pixels are applied.

5. The image processing apparatus according to claim 1,

wherein, when reflection information of the polarization
region pixels (PL pixels) becoming interpolation pro-
cessing objects shows that there is no reflection, the
interpolation processing unit selects non-polarization
region pixels (N pixels) in a direction having a high
correlation or the polarization region pixels (PL pixels)
as the reference pixels on the basis of the gradient infor-
mation, and executes interpolation processing to which
the selected reference pixels are applied.

6. The image processing apparatus according to claim 1,

wherein, in interpolation processing with respect to a pho-
tographed image of a 2D mode photographed in a state in
which the first polarizing unit is removed from an optical
path, the interpolation processing unit outputs a pixel
value in which the brightness is corrected by the bright-
ness correcting unit, without executing the interpolation
processing of the polarization region pixels (PL pixels),
when reflection information of the polarization region
pixels (PL pixels) becoming interpolation processing
objects shows that there is no reflection.

7. The image processing apparatus according to claim 1,

wherein the brightness correcting unit calculates gains cor-
responding to brightness ratios with the total transmis-
sion region pixels (N pixels) around the polarization
region pixels (PL pixels) or the polarization region pixel
adjacent pixels (PL pixel adjacent pixels) becoming
brightness correction objects, multiplies the brightness
correction object pixels with the calculated gains, and
executes brightness correction.

8. The image processing apparatus according to claim 1,

wherein the reflection detecting unit detects a difference of
a pixel value of an imaging element corresponding to a
position of the third polarization region of the second
polarizing unit and a pixel value of an imaging element
corresponding to a position of the fourth polarization
region of the second polarizing unit and generates
reflection information, which is determination informa-
tion on whether a reflection light component is included
in a pixel value of the polarization region pixel (PL
pixel), on the basis of the difference.
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9. The image processing apparatus according to claim 1,

wherein the image correcting unit sets an index showing a
pixel attribute in units of pixels forming an output image
from the imaging element and determines processing
according to the index.

10. The image processing apparatus according to claim 9,

wherein the index includes a coordinate attribute showing

a pixel position, a viewing point attribute showing a
viewing point position, and a color attribute showing a
pixel color.

11. An image processing method that is executed by an
image processing apparatus, wherein the image processing
apparatus includes: a first polarizing unit that has a first polar-
ization region and a second polarization region to transmit
different polarized light corresponding to different viewing
point images; a second polarizing unit that causes transmis-
sion light of the first polarizing unit to be incident and
includes a third polarization region to transmit only the trans-
mission light of the first polarization region, a fourth polar-
ization region to transmit only transmission light of the sec-
ond polarization region, and a total transmission region to
transmit the transmission light of the first polarization region
and the second polarization region; an imaging element that
receives the transmission light of the second polarizing unit;
and an image processing unit that executes signal processing
with respect to an output signal of the imaging element,
wherein the image processing method comprises operating
the image processing unit of the image processing apparatus
to carry out acts of:

performing parallax detection processing for applying two

different viewing point images of an image based on the
transmission light of the third polarization region of the
second polarizing unit and an image based on the trans-
mission light of the fourth polarization region of the
second polarizing unit and generating parallax informa-
tion in which an object distance is reflected;
performing image correction processing for executing cor-
rection processing with respect to an input image from
the imaging element and generating a two-dimensional
image, wherein the image correcting processing com-
prises:
correcting brightness to match brightness of polariza-
tion region pixels (PL pixels) and polarization region
pixel adjacent pixels (PL pixel adjacent pixels), which
are pixels corresponding to the third polarization
region and the fourth polarization region of the second
polarizing unit, with brightness of total transmission
region pixels (N pixels) corresponding to the total
transmission region;
generating reflection information, which is determina-
tion information on whether a reflection light compo-
nent is included in each pixel value, in units of polar-
ization region pixels (PL pixels);
generating gradient information corresponding to pixel
value change rates of a plurality of directions of
peripheral pixels in units of polarization region pixels
(PL pixels); and
selecting reference pixels according to the reflection
information and the gradient information, applying
pixel values of the selected reference pixels, and
executing pixel value interpolation processing of the
polarization region pixels (PL pixels); and
performing parallax image generation processing for
applying the parallax information generated by the par-
allax detection processing, executing image conversion
processing of the two-dimensional image generated by
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the image correction processing, and generating a left
eye image and a right eye image for three-dimensional
image display.

12. At least one non-transitory computer-readable storage
medium having encoded thereon executable instructions that,
when executed by atleast one processor, cause the at least one
processor to carry out a method of operating an image pro-
cessing apparatus that includes a first polarizing unit that has
a first polarization region and a second polarization region to
transmit different polarized light corresponding to different
viewing point images; a second polarizing unit that causes
transmission light of the first polarizing unit to be incident and
includes a third polarization region to transmit only the trans-
mission light of the first polarization region, a fourth polar-
ization region to transmit only transmission light of the sec-
ond polarization region, and a total transmission region to
transmit the transmission light of the first polarization region
and the second polarization region; an imaging element that
receives the transmission light of the second polarizing unit;
and an image processing unit that executes signal processing
with respect to an output signal of the imaging element,
wherein the method comprises operating the image process-
ing unit of the image processing apparatus to carry out acts of:

performing parallax detection processing for applying two

different viewing point images of an image based on the
transmission light of the third polarization region of the
second polarizing unit and an image based on the trans-
mission light of the fourth polarization region of the
second polarizing unit and generating parallax informa-
tion in which an object distance is reflected;
performing image correction processing for executing cor-
rection processing with respect to an input image from
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the imaging element and generating a two-dimensional

image, wherein the image correcting processing com-

prises:

correcting brightness to match brightness of polariza-
tion region pixels (PL pixels) and polarization region
pixel adjacent pixels (PL pixel adjacent pixels), which
are pixels corresponding to the third polarization
region and the fourth polarization region of the second
polarizing unit, with brightness of total transmission
region pixels (N pixels) corresponding to the total
transmission region;

generating reflection information, which is determina-
tion information on whether a reflection light compo-
nent is included in each pixel value, in units of polar-
ization region pixels (PL pixels);

generating gradient information corresponding to pixel
value change rates of a plurality of directions of
peripheral pixels in units of polarization region pixels
(PL pixels); and

selecting reference pixels according to the reflection
information and the gradient information, applying
pixel values of the selected reference pixels, and
executing pixel value interpolation processing of the
polarization region pixels (PL pixels); and

performing parallax image generation processing for

applying the parallax information generated by the par-

allax detection processing, executing image conversion

processing of the two-dimensional image generated by

the image correction processing, and generating a left

eye image and a right eye image for three-dimensional

image display.



